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PREFACE TO THE FIRST EDITION. 



The first edition of Douglas' Tables for Qucditative Analysia was published in 1864, 
the second edition in 1865, and the thirii in 1868. That work was prepared to be used 
with Fresenius' Manual of QtuUitative Analysis, and was designed, firstly, as a graphic 
outline to accompany the larger text-book, and, secondly, as a guide in the eocperimental 
study of suibstcmces'-to be made in connection with analysis, but beyond its immediate 
requirements. In this manner the work has been used by the authors, with the students 
in the chemical laboratory of this University, for the past ten years. 

Notwithstanding the pre-eminent value of the manuals of Fresenius as standard au- 
thority in analysis, and the worth of other books extant for their several purposes, it now 
seems desirable to use a work more fully to serve for instruction in what might be termed 
comparative chemistry; and likewise to relieve the student from the immediate necessity 
of obtaining more than one text-book for inorganic qualitative work. 

To aid the student in gaining an accurate acquaintance with the facts whereby 
analyses are made, and a clear understanding of the co-ordination of these facts — the 
principles of analysis — has been the chief object in this work. It is the result of expe- 
rience in the constant endeavor to prevent habits of automatic operation and of superfi- 
cial observation in analysis. 

Further, it is desired that the book may be found convenient and reliable for 
reference by chemists, pharmacists, and others, who occasionally or habitually perform 
analyses. 

The organic bases and acids, with a few exceptions, have been omitted from consi- 
deration. This is not done from neglect, but from a conviction of their too great im- 
portance for the subordinate and cursory attention which can be given to them in works 
devoted mainly to Inorganic analysis. 

To the faithful workers who have wrought out the great science of Chemistry, the 
writers humbly acknowledge their indebtedness for whatever of truth or value this little 
manual may contain. 

Ukiyebsitt or Michigan, September, 1873. 
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PREFACE TO THE SECOND EDITION. 



In this edition, tabular summaries of the comparative reactions of groups of bases 
and acids have been introduced, as a means of training the beginner in the Principles of 
Analysis. They can be used in first practice, with known material, beiore undertaking 
systematic analysis ; and they also serve as indexes for practice in synthetic reactions to 
follow separative work. The authors have, for some time, employed summaries of this 
kind in class-teaching of laboratory students, and believe their incorporation with the 
text will be found helpful. 

For the analysis of the " Third Group," in absence of phosphates, plans are tabulated 
both with and without the division by ammonium hydrate and chloride ; and two plans 
are tabulated for the work in presence of phosphates. Additional reactions have been in- 
troduced throughout, and the rare elements presented, with a constant endeavor to 
respect the limits of a compact manual ; to which end, the text not required by the 
beginner has been put in smaller type. The transitional use of barred symbol-letters in 
notation has been discontinued, and the nomenclature made uniform. 

Our acknowledgments are due to Professor Wm. Ripley Nichols, of the Massachusetts 
Institute of Technology; Professor W. 0. Semans, of Delaware, Ohio; and others— for 
suggestions in the choice of processes. Thanks are especially due to Mr. Otis C. John- 
son, since 1871 an Instructor in Qualitative Analysis at Michigan University, for improve- 
ments in details of analysis, and for certain results of his unfinished investigations upon 
oxidation and reduction. 

XJnivbbsitt op Michigan, October, 1876. 
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PREFACE TO THE THIRD EDITION. 



The text upon Oxidation and Reduction, by Mr. Johnson, is presented, as Part IV., 
in this edition, with much interest as to the reception which its distinctive method mar 
obtain among chemists. If it were given only as a compend of the chief inorganic 
changes of oxidation, it could be commended without hesitation, for instruction in a field 
of unequalled value to the student of qualitative chemistry. All the reactions have been 
confirmed by the author, some of them have been first established by him, and the most of 
them have been verified by his students, for the past six or eight years. But as Mr. 
Johnson's compend is given with a new interpretation of quantivalence, adopting a pro- 
visional function of this term, it is submitted with some uncertainty as to what may be 
thought of it. As a teaching method we can testify to the marked success of the pro- 
posed rendering of quantivalence, in elucidating and classifying the reactions of oxida- 
tion, and in balancing equations. Aside from any applications of molecular physics, or 
any question of constructing molecules, t?ie bond is used only as the index of active 
chemism— representing at least one function of active or apparent quantivalence. As 
chemism acts between unlike particles — positive and negative factors — ^so bonds are stated 
as being either positive or negative bonds. Mr. Johnson takes leave to borrow the bond, 
as a known character in quantivalence, and to use it in carrying out his special study of 
oxidation. Possibly it may appear that the adoption of another term will be open to less 
objection than the addition of another definition for the established term. 

This edition has been diligently revised throughout, and though not trusting to have 
escaped all besetting errors, the authors hope, now, better to deserve the favor which has 
been granted to this work, for all which they desire to present grateful acknowledg- 
ments. 

Uniybrsitt of MiomGAN, June, 1880. 
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THE NOTATION OF METALUC COMPOUNDS. 



ACIDS. An acid is a salt of hydrogen. It consists of an Acid Radiccd* 
united with hydrogen which can be exchanged for a metal, this being the forma- 
tion of a salt. The hydrogen is the base of the acid ; as the metal is the base 
of the salt. Sulphuric acid, for instance, is sometimes written hydrogen sul- 
phate. Oxacids are those whose radicals contain oxygen, as HNO,. Hydra- 
cids are those whose radicals have no oxygen, as HCl ; their names begin with 
hydr and end with ic, and the names of their salts end in ide. The Anhydride 
of an oxacid is what remains after removing from the acid its basic H,f and 
enough O to form H,0 with the H. Thus, the anhydride of H,SO^ is SO,, and 
carbonic anhydride is CO,, carbonic acid being HjCO,. Acids whose mole- 
cules contain but one atom of basic hydrogen are termed monobasic, as HNO, 
and HCl; those with two atoms of hydrogen in the molecule, dibasic; as 
HjSO^ and H,S ; those with three hydrogen atoms, tribasio, as H,PO^ ; eta 
Some of the more important acids are given in the following list: 

acid or hydrogen chloride, 

« « chlorate. 

*< " bromide. 

" " bromate. 

« «< iodide. 

" « iodate. 

« « nitrate. 

« « sulphide. 

« *< sulphate. 

« *« sulphite.J ^ 

** « carbonate. 

" « chromate. 

" " phosphate. 



*> A Radical is a groap of atomB, or a single atom, which retains its integrity while transferred from one 
molecule to another, being a leading constituent of each. 

t The organic acids mostly contain E in the radical, and not exchangeable for a metal— that is, not 
basic hydrogen, as HCOaEsOa). 

t Oxacids whose names end in ic form salts with names ending in aU / while those, containing less oiEy- 
gen, whose names end in ow make salts having names ending in Ue, 



Hca, 


hydrochloric 


HCIO., 


chloric 


HBr, 


hydrobromio 


HBrO,, 


bromic 


m. 


hydriodic 


mo.. 


iodic 


HJMO., 


nitric 


H.S, 


hydrosulphuric 


H,SO„ 


sulphuric 


H.SO.. 


sulphurousj 


H,CX)., 


carbonic 


H,CrO„ 


chromic 


H.PO^ 


phosphoric 
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10 Notation of Metallic Compounds. 

HgAsO^, arsenic acid or hydrogen arseniate. 

*^' ..''-.HgAflC^g^ * ^.Qj-sgnious " *• arsenite. 

*' HgPeCy'gj^'-hViiroferricyanic acid " ferricyanide. 
/*, ! :/; :J9i;^.Pp'P5^, ; Ijydr'oferrocyanic " " fcrrocyanide. 

''fiCjHg'bj'^^atJ'etic'' " <* acetate. 

H^CgO^, oxalic ** " oxalate. 

SALTS. A salt is formed by substituting a metal for the hydrogen of an 
acid, each bond* of the metal displacing one atom of hydrogen. As follows: 



K' with 


HNO3 


forms 


KJNOg, displacing H 


K, '' 


H,SO, 


u 


K^SO,, 


« 2H 


K's ** 


H3PO, 


a 


K.PO., 


3H 


Ca" '' 


H,SO, 


u 


CaSO., 


2H 


Ca" " 


2HN03t 


cc 


Ca(NO,)„ 


2H 


Bi'^ « 


3HTTO3 


ti 


Bi(N63)„ 


3H 


3Ca" *' 


2H3PO,t 


iC 


Ca3(PO,)„ 


6H 


2Bi' ' " 


3H,SO, 


« 


Bi,(SO,)., 


6H 



K' 


with 


H,SO, 


K' 


u 


H.PO, 


2K' 


a 


H,PO, 


Ca" 


« 


H,PO. 


Ca'' 


i< 


2H.PO, 



A normal salt is formed (like those above given) by displacing all the 
"hydrogen of the acid with an equivalent of metal. An acid salt is formed by 
exchanging a part of the hydrogen of an acid for an equivalent of metal. 
Thus : 

may form KHSO^, an acid sulphate. 
" KH^PO^ " phosphate. 

K^HPO, " '' 

" CaHPO, " « 

CaH,(POj," " 

A basic salt is formed by the substitution of a metal in part for the hydro- 
gen of an acid and in part for the half or the whole of the hydrogen of water 
(HgO). For example : 

Bi"' with ■< 2 o forms Bi ■< ^ % a basic nitrate, usually written BiONOg. 

Again, Pb"g(OH)2(C03)3 is a basic carbonate of lead. A basic salt is partly of 
the nature of a salt and partly of the nature of a hydrate or oxide. 

HYDRATES AND OXIDES of Metals. A metallic hydrate is formed 
by substituting a metal for half the hydrogen of water (H^O), bond for bond. 

♦ The nnmber of bonds of any element (or radical) is an expression of its capacity for chemical combi- 
nation, the combinfng capacity of one atom of hydrogen being the nnit. The number of bonds, or the 
guantivcUencet is denoted by the common names, monad, dyad, triad, tetrad, etc. ; also by the qualifying 
terms, nnivalent, bivalent, etc., and, in notation, by indices, thus, TL\ O", N'", etc. 

Ca) HSPO4) CaF04 HH) 

% CaJ- -f J. = Ca + HHJ- 

Ca) H8FO4) OaPO* HH) r^ | 
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Notation of Metallic Compounds. 11 

Na' with H3O forms NaOH, sodium hydrate. 
Ba" " 2H,0 ** Ba(OH)„ barium « 
Pe,^' " 6H,0 " Pe,(OH)., ferric '' 

The OH, which, as a fragment of the water-molecule, unites with metals, is 
known as hydroxyl — a monad radical. The term hydroxide has been intro- 
duced by some chemists, instead of hydrate, for the compounds of hydroxyl. 

A metallic oxide is formed by substituting a metal for all the hydrogen of 
water, bond for bond. Mg" with H,0 forms MgO, displacing 2H, ' An oxide, 
then, is simply a union with oxygen (O"). 

In recapitulation, then, t?ie number of bonds of the metal equals 

The number of bonds of acid radicals, in normal salts ; 
** " hydroxyl, in hydrates; 

" *^ oxygen, in oxides. 

In acid salts, the remaining atoms of H are counted with the bonds of 
metal; in basic saltSy the bonds of (OH) and of O are counted with the bonds 
of acid radical. 

The more important BASES are given in this list : 

K' the base of potassium or potassic salts. 

Hfs/ " sodium ** sodic *^ 

NH ' " ammonium ** ammonic ^^ 

Ag' '* silver *« argentic " 

Ba" " barium " baric ** 

Sr" ^^ strontium " strontio " 

Ca" " calcium •* calcic ** 

Mg" ** magnesium " magnesic " 

Zn" " zinc " zincic " 

Ni" " nickel ^* nickelous ^' 

Pb" *< lead " plumbic ** 

Hg" ** mercuric ^* 

Hg," " mercurous " 

Cu" ** copper ** cupric *' 

Cu," " cuprous " 

Pe" *• ferrous " 

Pe,^t *' ferric ** 



Hg^Cl 

♦ As in mercurous chloride : I 

Eer-Cl 

t In the pseudo-triads or " double triads " (Pe, IKn, Co, Cr, Al) an even number of atoms is always 
found in the molecules, two atoms having six bonds. The atoms are supposed to be tetrads, one of the four 
^ndsof each atom being held by a fellow-atom of the same element. Thus, in ferric compounds, we have 

CI CI 
'Pe~Fe'" ; and, for ferric chloride, 01 Pe — Fe 01 

01 01 r^ T 
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Notation of Metallic Compoxjnbs. 



HLd!' the base of manganous salts. 

Mn,^ " manganic " 

Co" "' cobaltous << 

Co,^' " cobaltic « 

Al,^ " aluminium or aluminic *' 

Cr,^ ** chromium " chromic ** 

Bi'" " bismuth " bismuthous « 

Sn'* " stannous <* 

Sn"" " stannic « 

Sb'" " antimonious" 

Sb^ found in antimonic compounds. 

As'" " arsenious " 

Ab^ " arsenic " 
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TABLE OF ATOMIC WEIGHTS* 



QUANTIVALENCE.' 



Aluminium, 


Al""* 


27.3 


Mercury, 


Hg"t 


199.8 


Antimony, 


Sb''', ^ 


122.0 


Molybdenum, 


Mo", ""*, " 


96.0 


Arsenic, 


As"', ^ 


74.9 


Mosandrum, 






Barium, 


Ba" 


136.8 


Neptunium, 


Np" 


118.0 


Beryllium, 


Be' 


9.0 


Nickel, 


Ni", ""* 


58.6 


Bismuth, 


Bi"7 


210.0 


Niobium, 


Nb^ 


94.0 


Boron, 


B'" 


11.0 


Nitrogen, 


- i,»,^ V 


14.0 


Bromine, 


Br', ^ 


79.9 


Osmium, 


Og", ""*, " 


198.6 


Cadmium, 


Cd" 


111.6 


Oxygen, 


O" 


16.0 


Cgesinm, 


Cs' 


133.0 


Palladium, 


Pd", "" 


106.2 


Calcium, 


Ca" 


39.9 


Philipium, 


Pp 




Carbon, 


C"" 


12.0 


Phosphorus, 


•Of HI V 
* > 9 


31.0 


Cerium, 


QQ'ff >fil 


141.3 


Platinum, 


Pt", "" 


196.7 


Chlorine, 


CI'," 


35.5 


Potassium, 


K' 


39.0 


Chromium, 


Cr""*, " 


52.4 


Rhodium, 


Bo", ""*, " 


104.1 


Cobalt, 


Co" ""* 


58.6 


Rubidium, 


Bb' 


85.2 


Copper, 


Cu"t 


63.0 


Ruthenium, 


Bu", ""*, " 


103.5 


Davyum, 




154.0 


Selenium, 


So", "", " 


78.0 


Decipium, 


Dp 




Silicon, 


Si"" 


28.0 


Didymium, 


D'" 


145.0 


Silver, 


Ag' 


107.7 


Erbium, 


E'" 


169.0 


Sodium, 


Na' 


23.0 


Fluorine, 


P' 


19.1 


Strontium, 


Sr" 


87.2 


Gallium, 


G""* 


69.8 


Sulphur, 


" 9 9 


32.0 


Gold, 


Au', '" 


196.2 


Tantalum, 


Ta^ 


182.0 


Hydrogen, 


H' 


1.0 


Tellurium, 


f^Qll Iff/ VI 


128.0 


llmenium. 


n 


104.0 


Thallium, 


Tl','" 


203.6 


Indium, 


In""* 


113.4 


Thorium, 


Th"" 


231.5 


Iodine, 


I'v 


126.8 


Tin, 


Sn", "" 


117.8 


Iridium, 




196.7 


Titanium,' 


tjtj/f ini^e 


48.0 


Iron, 


Pe", ""*, ^' 


55.9 


Tungsten, 


"^11" vx 


184.0 


Lanthanum, 


La'" 


139.0 


Uranium, 


JJIIII VI 


240.0 


iiavoisium. 






Vanadium, 


V", V 


51.2 


Lead, 


Pb", "" 


206.4 


Yttrium, 


■y'// 


93.0 


Lithium, 


la' 


7.0 


Zinc, 


Zn" 


64.9 


Magnesium, 


Mg" 


23.9 


Zirconium, 


Zt"" 


90.0 


Manganese, 


Mn", ""*, ^ 


54.8 









1 Decimals beyond the first place are omitted. Stas, an accepted anthority, gives oxygen the atomic 
weight of 15.96 ; nitrogen, 14.009 ; sulphur, 81.96 ; etc. 

s By qnantiyalence is here meapt active or apparent qoantivalence, in its principal degrees. 

* Pseudo-triads, as AljVi, PeaVi, etc. 

t In cuprous compounds, Ous". In jnercurous compounds, HfiTa''. 
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THE STUDY OF CHEMICAL ANALYSIS. 



1. Chemical Analysis is the determination of the composition of matter. 
Any portion of matter — solid, liquid, or gaseous ; amorphous, crystalline, or 
organized — consists of one or more distinct substances. A distinct substance is 
made up of molecules* which are exactly alike. It is a discrete kind of matter, 
invariably the same in every quality ; it may be a compound or an element. 
It will be borne in mind that, in chemistry, compounds are bodies unlike the 
elements that have formed them. Thus, we may have to analyze a mixture con- 
taining sodium sulphate (Na^SOj ; sodium sulphite (NajSOj), and sodium thio- 
sulphate (NagS^Oj); but not containing any sodium, or sulphur, or oxygen, as 
these bodies are known to the world. The complete analysis of a given portion 
of material reveals all the distinct substances by which it is made up. Also 
compounds are subjected to analysis to find from what component elements 
they have been formed. Hence, chemical analysis enables us to state the com- 
position of matter in terms of the seventy elements. 

2. An analysis may be partial, as in testing a mixture for presence of 
arsenic or for proportion of gold ; or it may be complete, when all the consti- 
tuents are to be found. 

In qualitative analysis, it is ascertained what substances are present in the 
material ; in quantitative analysis, their proportion by weight is determined. 

When the material to be examined is in the gaseous state, its examination, 
qualitative or quantitative, is termed Gas Analysis, which is a distinct branch 
of analysis. The chemical examination of material consisting of the more com- 
plex compounds of carbon, whether qualitative or quantitative, is known as 
Organic Analysis : TJltimate, when the elements are determined; Proximate, 
when the constituent compounds are determined. In ultimate organic analysis, 
few elements require determination ; the task is not difficult, and the art has 
been highly perfected. On the contrary, in proximate organic analysis, a great 
number of compounds have to be considered ; identification is often difficult, 
and no comprehensive system has been completed. The term Qualitative 

* A mofecwfe is the smallest possible portion of a distinct substance. It exists free ; its quality being 
independent of relations to other portions of matter. It cannot be divided, or chemically united to any 
other particles of matter, without the production of one or more new molecules and the occurrence of a 
change of properties. 

An atom is an indivisible constituent of a molecule. It exists in combination ; its quality being in part 
dependent upon its relations to the other constituents of Its molecule. In the elementary substances, the 
molecules consist of like atoms ; two atoms, in most cases, constituting a molecule. 
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16 The Study of Chemical Analysis, 

Analysis, then, as it is commonly used, is limited to the chemical examination 
of solid and liquid material, chiefly of mineral origin, 

3. In qualitative analysis of mixtures, it is often but not always necessary 
to separate substances in order to identify them ; in quantitative analysis, their 
accurate separation is almost invariably required. Identification necessarily 
supposes comparison : in testing for a substance we consider what other sub- 
stances can be present to simulate it ; in separating a substance or a class of 
substances, we must know from what other substances or classes we remove it; 
to accomplish either task we must proceed in systematic order and conduct our 
operations, consecutively, in obedience to some intelligent method, based on a 
knowledge of the comparative properties of all the substances which may be 
present. 

Both the identification and separation of substances are accomplished, 
nearly always, by inducing changes, chemical and physical. The methods of 
analysis are as numerous as are the ways of bringing into action physical and 
chemical agents for the induction of changes. A substance is characterized by 
its deportment under the influence of these agents — as its manifestation of cohe- 
sion, varied at different temperatures, its degree of adhesion for certain sol- 
vents, its color and other phenomena with light, and the results of its chemism 
when brought in contact with other substances technically called reagents. 
The results last named, those of chemical action, are the most important of 
the resources of analysis. By chemical change, a substance iri the material 
under examination becomes resolved into other distinct substances, each capable 
of recognition by its own deportment and its own capacities for chemical trans- 
mutation, and each product" adding evidence in the identification of the original 
substance. 

4. The operations of analysis embrace those in the dry way, and those 
in the wet way. 

In the dry way, substances are taken in the solid state, and are subjected 
to a high heat — over a lamp, before a blow-pipe, or in a furnace — generally 
with solid reagents, which enable the mass to melt, or abstract oxygen, or 
supply oxygen. The liquid state, whether produced in fusing at a red or white 
heat, or by solution in some solvent at ordinary temperatures, is the state gen- 
erally essential to chemical change. Analysis in the dry way resembles the 
metallnrgic operations by which most commercial metals are obtained from 
their ores ; it may be made quantitative, as in the process of assaying of the 
precious metals, in use since ancient times ; it is limited to partial analysis, 
not enabling us to determine all constituents of unknown mixtures ; it is sel- 
dom exclusively employed, except in determinative mineralogy, or finding 
the species of minerals, and in assaying; it is used in full qualitative analysis 
as a preliminary examination, subordinate to that in the wet way, and some 
of its operations are indispensable, in connection with the wet methods, for 
certain substances. The details of manipulations in the dr^^way arjB described 

Digitized by VjOOQ IC 



The Study of Chemical Analysis, 17 

in connection with each substance to which they are applicable, and under Pre- 
liminary Examination of Solids. 

5. Spectroscopic Analysis, and the inspection of incandescent vapors, 
either directly or through colored media, furnish important resources for 
identifying substances, quite distinct irom. the operations of chemical analysis, 
but associated with them in practice, 

6. The operations in the wet way constitute much the most extensive 
means of analysis, also the most frequent mode of synthesis, and by far the 
most instructive field of chemical experiment. For these operations the mate- 
rial, if not already liquid, is first brought into the liquid state, not by fusion 
but by solution. It is treated with reagents in the liquid state ; and substances 
are identified and separated mostly by changes which return them from the 
liquid to the solid, or, less often, to the gaseous state, it is evidently necessary, 
therefore, in the beginning to understand clearly the precise nature of the 
simple occurrences of solution, precipitation, and vaporization* 

7. Solution is the liquefaction of a solid, or a gas, by mixture with a 
liquid. The term is also sometimes applied to the mixture of two liquids : as 
glycerine is soluble (miscible) in alcohol, but insoluble (not miscible) in ether. 
The mixture is effected by adhesion^ an elective union in indefinite propor- 
tions, and not forming a new substance. If a solid dissolves in a liquid, the 
adhesion between thd two substances is sufficient to overcome the cohesion 
that preserved the solid. There is adhesion between sponge and water, not 
sufficient to overcome the cohesion of the sponge ; and between sugar and ether, 
not sufficient to overpower the cohesion of the sugar ; but between ' sugar and 
water, exceeding the cohesive force of the sugar, and it dissolves. If a gas 
dissolves in a liquid, adhesive force proves stronger than the elasticity of the gas. 

8. The most universal solvent is water; it is always understood to be 
present, in indefinite proportion, in operations in the wet way ; it serves as a 
vehicle, as such not being included in any statement of the substances operated 
upon, any more than is the material of the test-tube, but often some portion 
of it enters into * combination or suffers decomposition, and then it must be 
placed among the substances engaged in the operation. Other solvents are: 
alcohol, either mixed with some water or anhydrous; ether, seldom quite free 
from mixture of alcohol ; disulphide of carbon ; benzene ; glycerine, nearly or • 
quite anhydrous ; and others, less important. 

9. No other property of substances has so great importance in analysis, 
and in all chemical operations, as their solubility in water. It must never 
be forgotten that there are degrees of solubility, but there is hardly such a fact 
as absolute solubility, or insolubility, regardless of proportion of the solvent. 
There are liquids which are miscible with each other in all proportions ; but 
solids do not dissolve in all proportions of the solvent, neither do gases. For 
every solid, or gas, there is a least quantity of any solvent which can dissolve 
it. One part of potassium hydrate is soluble in one-half part of water (or in 
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any greater quantity), but not in a less quantity of the solvent. One part of 
sodium chloride requires at least two and a half parts of water to dissolve it. 
One part of mercuric chloride will dissolve in two parts of water at 100*^ C, 
but when cooled to 15° G., so much of the salt solidifies that it needs twelve 
parts more of water at the latter temperature to keep a perfect solution. 
Chloride of lead dissolves in about twenty parts of hot water, about half of the 
solid separating from the solution when cold. Sulphate of calcium dissolves 
in about 400 times its weight of water — this dilute solution forming one of the 
ordinary reagents. Sulphate of barium is said to dissolve in 200,000 parts of 
water; so that it is practically insoluble, one of the least soluble compounds 
known. Sulphate of lead dissolves in 13,000 parts of water; in most opera- 
tions this solubility may be disregarded, but in quantitative analysis it is 
washed with alcohol instead of water, losing loss weight with the former sol- 
vent. These examples indicate the necessity of discriminating between degrees 
of solubility. 

10. The ordinary liquid reagents are solutions in water — sulphuric acid 
and carbon disulphide being exceptions. Alcohol is usually mixed with a little 
water. (See the list of Reagents.) Hydrochloric acid, ammonia, and hydro- 
sulphuric acid are aqueous solutions of gases j on exposure to air these gases 
gradually separate from their solutions, most rapidly in the case of hydrosul- 
phuric acid solution ; this gas having so little adhesion for water, and so great 
elasticity, that it will form only a dilute solution. All these gases escape 
much more rapidly when their solutions are warmed, being accompanied with 
some vapor of water. Sulphuric, nitric, and acetic acids are liquid when ab- 
solute ; the latter two are instable when pure and are in mixture with water, 
in the authorized proportion, for use. The other ordinary liquid reagents are 
solids in aqueous solution. 

11. Substances are said to dissolve in acids, or in alkalies, and this is 
termed chemical solution : more definitely it is chemical action and solution, 
the solution being always a merely physical change. We say that lime dis- 
solves (chemicall}') in hydrochloric acid; that is, in the reagent named hydro- 
chloric acid, and which is a mixture of that acid and water. The acid unites 
with the lime, forming a soluble solid, which the water dissolves. Absolute 
hydrochloric acid cannot dissolve lime. 

12. Solids can be obtained, without chemical change, from their aqueous 
solutions, ^«^^y, by evaporation of the water. This is done by a careful ap- 
plication of heat, diminished at the close. In case volatile solids are in solu- 
tion, such as ammonium salts and ferric chloride, a temperature much above 
that of boiling water will vaporize the solids, and of course a continuation of 
direct heat, after the water has all vaporized and latent heat ceases to be 
absorbed, will rapidly raise the temperature in the residue. 

Solids can be removed frqm solution, without chemical change, secoficBy, 
by (physical) precipitation — aooomplished by modifying the apl vent. If solu- 
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tion of potassium carbonate, or of ferrous sulphate, be dropped into alcohol, a 
precipitate is obtained, because the salts will not dissolve or remain dissolved 
in the mixture of alcohol and water. But, in analysis, precipitation is gene- 
rally affected by changing the dissolved substance, instead of the solvent. 

Solids can be separated from their solution by precipitation due to chemical 
c/iange, to the extent that the product is insoluble in the qiiantity of solvent 
present (observe 9). Calcium can be in part precipitated from not too dilute 
solutions of its salts, by addition of sulphuric acid ; but there still remaiiis not 
precipitated the amount of sulphate of calcium soluble, -^^ of the solution, 
which is enough to give an abundant precipitate with ammonium oxalate, the 
first precipitate being previously filtered out. 

13. Time is required for the completion of most precipitates, if it is ne- 
cessary to remove a substance, by precipitation, before testing for another sub- 
stance, the mixture should stand, from several minutes to half an hour, before 
filtration. Neglect of this precaution often occasions a double failure ; the 
true indication is lost, and a false indication is obtained. 

14. Iteagents should he add^d in very sm^all j^ortions^ generally drop by 
drop. Often the first drop is enough. Sometimes a precipitate redissolves in 
the reagent that produced it, and this is ascertained if the reagent be added in 
small portions, with observation of the result of each addition. If it is a final 
test, a quantity of precipitate which is clearly visible, is sufficient; but if the 
precipitate is to be filtered out and dissolved, a considerable quantity should 
be formed. If the precipitate is to be removed and the filtrate tested further, 
the precipitation must be completed — by adding the reagent as long as the 
precipitate increases, with the warmth and time requisite in the operation ; 
and a drop of the same reagent should be added to the filtrate to obtain assu- 
rance that the precipitation has been completed. It will be found, with a little 
experience, that some reagents must be used in relatively large quantities : 
this is especially the case with hydrosulphuric acid solution. The other acids 
—especially concentrated sulphuric, hydrochloric, and nitric — are required in 
quantities relatively very smalL 

15. Precipitates are removed — usually by filtration, sometimes by decan- 
tation. If they are to be dissolved, they must be ^rs\,washedtill free from all 
the substances in solution. If the precipitate has been made complete, there 
must be some excess of the reagent in solution, even in the closest work, and, 
if it is not required that the precipitate should be complete, excess of the re- 
agent may have been used. Other substances are in solution, after a precipi- 
tation, as may be seen by a glance at the equation for the change. In an 
analysis of a complex mixture, there are substances in solution which arc not 
chemically disturbed by one precipitation. All these dissolved substances per- 
meate and adhere to the porous precipitate with greater or less tenacity. If 
they are not wholly washed away, some portion of them will be mixed with 
the dissolved precipitate. Then, the separation of substances, the^only object 
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of the precipitation, is not accomplished, while the operator, proceeding just as 
though it was accomplished, undertakes to identify the members of a group by 
reactions on a mixture of groups. In such a case, the student is fortunate if 
the conflict between the " confirmatory reactions " and his supposed results 
becomes sufficiently evident to induce him to clean the test-tubes and com- 
mence the work at the beginning again — otherwise an incorrect result is re- 
ported. The washing, on the filter, is best completed by repeated additions of 
small portions of water — ^around the filter border, from the wash-bottle — allow- 
ing each portion to pass through before another is added. The washings 
should be testedy from time to time, until they are free from dissolved sub- 
stances. 

16. In dissolving precipitates — by aid of acids or other agents — use the 
least possible excess of the solvent. Endeavor to obtain a solution nearly or 
quite saturated, chemically. If a large excess of acid is carried into the solu- 
tion to be operated upon, usually it has to be neutralized, and the solution is 
liable to become so greatly encumbered by additions of reagents and the water 
of their solution, that reactions become faint or inappreciable. Precipitates 
may be dissolved on the filter, without excess of solvent, by passing the same 
portion of the (diluted) solvent repeatedly through the filter, following it once 
or twice with a few drops of water. The mineral acids should be diluted to 
the extent required in each case ; for solution of small quantities of carbonates 
and some other easily soluble precipitates, the acids may be diluted with fifty 
times their weight of water. Washed precipitates may also be dissolved in 
the test-tube, by rinsing them from the filter, through a puncture made in its 
point, with a very little water. If the filter be wetted before filtration, the 
precipitate will not often adhere to it very closely. 

17. In adding an acid, or an alkali, to saturation, or supersatnratioii, or 
short of saturation, as may be directed, add by small portions, and after each 
addition shake and test upon a slip of litmus-paper, by a drop from a glass rod. 

18. Chemical Changes, as they occur in analytical operations, may be 
chiefly classified as follows : 

(1) Those of Combination, or synthesis, as when carbonic anhydride is 
formed by burning charcoal in the air, or when the vapors of ammonia and 
hydrochloric acid are brought together in the formation of ammonium chloride: 

C* + 20 = CO, 
NH. + HCl = NH^Cl 

♦ As the atoms of elements are nnited with each other in pairs, it is not philosophically correct to take 
an uneven number of atoms of any element in an eqaation. In this case, it must be explained, that the atom 
of carbon indicated in the eqaation was not found free, but was taken from a fellow-atom of carbon, which 
likewisecombinedwith two atoms of oxygen. Hence the equation in the text represents the half of the 
smallest portions of matter that could engage in the operation. To avoid complexity in this work, equations 
wUl usually represent elements by atoms instead of molecules, and uneven numbers of atoms will be stated, 
wherever this is necessary to the lowest atomic terms of the equation. 
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(2) Those of Dissociation^ or analysis in its limited sense, as in the pro- 
duction of oxygen and mercury by heating mercuric oxide, or of quicklime and 
carbonic anhydride by heating calcium carbonate : 

HgO = Hg + O 
CaCO, = CaO + CO, 

(3) Those of Transpositiony or mutual replacement, as in the formation of 
plumbic sulphate and ferrous nitrate from solutions of plumbic nitrate and 
ferrous sulphate, or of zinc chloride and hydrogen from hydrogen chloride and 
zinc : 

PbCNO,), + Peso, = PbSO, + Pe(NO,), 
2HC1 + Zn = ZnCl, + 2H 

(4) Those of Oxidation and Reduction^ or change of active quantivalence, 
as in the production of stannic and niercurous salts from stannous and mercuric 
salts, or in the formation of sulphuric acid and ai*senious oxide from sulphurous 
acid and arsenic oxide : 

Sn'^Cl, + 2Hg^'Cl, = Sn^'^'Cl, + Hg/'Cl, 

2H,S"'03 + As\0, = 2H,S^^O, + As"',0, 

19. When substances in separate solutions are brought together, one of the 
clearest evidences of the formation of new substances is the appearance of a 
solid or a gas in the mixture. 

In most cases of transposition or metathesis [18(3)] this change of state 
is the only evidence showing the fact and the exact extent of chemical change. 
A solid, that is to say, a precipitate, which separates, on mixing two or more 
solutions, can be removed, and its quantity ascertained (12 and 15). A gas 
which separates from mixed solutions can be recognized by its properties, and 
sometimes by effervescence, and its quantity can be determined. 

A change of transposition between dissolved substances — salts, acids, and 
bases — will take place when one or more of the products of such change is a 
solid, not soluble in the mixture: 

(1) Transposition between two salts. 

a. On mixing solutions of any two salts, capable of forming, by exchange 
of bases, a salt insoluble in the mixture — the insoluble salt is produced and 
precipitated : 

^tdiissic mlpJiate -)- j^t^m^ acetate = plumbic sulphate + potassic acetate. 

b. On mixing solutions of two salts, which, in transposition, form two new 
salts both soluble in the mixture — a partial exchange of bases takes place, and 
variable proportions of the two original salts and the two new salts remain in 
solution : 

(2) Transposition between an acid and a salt. 

«. On adding, to a solution of a salt, an acid which can form with the base 
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a salt insoluble in the solvent and in the produced acid — the insoluble salt is 
formed and precipitated : 

argentic xAtiB^A + 'h.ydjic cfUoride = argentic chloride + hydric nitrate. 

h. In adding, to a solution of a salt, an acid which can form wilh the base 
a salt insoluble in the solvent, but soluble in the produced acid (as diluted 
in the mixture) — no precipitate is formed : 

ferrous solphate + hydric sulphide = ferrous sulphate + hydric sulphide. 

c. On adding to a solution of a salt (formed by a soluble acid), an acid 
which can form with the base a soluble salt — usually a partial exchange of acid 
radicals occurs, and variable proportions of two salts and two acids remain in 
solution : 

d. On adding an acid to the solution of a salt the acid of which is insoluble 
in the solvent — the insoluble acid is formed and precipitated : 

sodic silicate + carbonic acid = silicic acid + sodic carbonate. 

(3) Transposition between an alkali and a salt. 

a. The addition of a solution of a hydrate of a baae^ to a solution of a 
salty the hydrate of the base of which is insoluble in the solvent present — 
causes a precipitate of the insoluble hydrate : 

ferric chloride + ammonlc hydrate = ferric hydrate + ammonic chloride. 

h. The addition of a solution of a hydrate of a base, to a solution of a salt, 
the acid of which can form with the other base a salt insoluble in the solvent 
— causes a precipitate of the insoluble salt : 

sodic sulphate + baric hydrate = baric sulphate + sodic hydrate. 

c. The addition of a solution of a hydrate of a base, to a solution of a salt, 
the acid of which can form a soluble salt with the other base — usually causes a 
partial interchange of bases, leaving variable proportions of the two salts and 
two hydrates in solution : 

eodicMtoH* + pota.Hc^6^ = {^Z^^^ \ + {gT'^^^''- 

20. Transpositions in solution, are determined by forming the gaseous state, 
as well as by forming the solid state. Generally, when, by decomposition 
between salts, acids and hydrates, both, materials being in solution or one in 
solution and one solid — if there can be produced a substance which is volatile 
at the temperature of the operation — such substance is formed and vaporized. 
At ordinary temperatures : 

calcic carbonate , + hydric chloride = calcic chloride + carbonic anhiydride + water: 

ommowic chloride + calcic hydrate = calcic chloride + ammonia + water. 

At60°C. (140^ F.): 

potassic carbonate -f ammonic carbonate = potassic hydric carbonate + cmmonia. 
In hot solutions : 

sodic chloride + hydric sulphate = sodic sulphate + hydric chloride. 
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By ignition : 

9odlc sulphtUe + Aydiic phosptaate = sodic phoephate + hydric stdphate, 

21. It cannot too soon be understood, concerning changes between sub- 
stances — acids^ bases and salts, in solid, liquid, and gaseous states — strictly 
chemical in nature and proportions as these changes ai*e, they are not nearly so 
often determined by the relative degree of chemical power as by co-operating 
forces — cohesion, adhesion, heat, light, etc. — the circumstances which modify 
the relative power of affinities. 

Furthermore, the student should avoid placing his chief dependence upon 
generalizations, especially in the early period of his study. Science rests upon 
facts, it is logical to begin at the foundation, and work upwards in the same 
order in which the investigations of men have established science. 

22. While the results of chemical operations are declared to the powers of 
observation as changes of masses^ they are represented to the understanding as 
changes of molecules^ and as such are expressed in chemicctl equations. 

When we observe evidences of a chemical change in any mixture before us, 
we are assured that some new arrangement of atoms — some alteration of mole- 
cules — has occurred. Usually, the evidence shows that certain molecules have 
broken up, and their atoms have entered into certain new molecules. Now, to 
state the composition and proportional number of all the molecules which act 
upon each other, and result in an operation, is to make a chemical equation. 
The first side of the equation represents the molecules broken up in the opera- 
tion ; the last side, those produced in the operation ; each side presenting the 
same kind and number of atoms, but different molecules. To be prepared to 
construct the equation, we must know the exact composition — the formulae — of 
all the substances brought into the operation, and we must ascertain the com- 
position — the formulae — of the substances produced in the operation. Having 
these inviolable data, the formulae of the molecules, the determination of the 
number of each kind of molecules, necessary ** to balance the equation," be- 
comes .a simple mathematical calculation. Finally, "the combining number" 
of each substance in an equation expresses its number of *^ parts by weight," 
for large or small quantities, as exemplified in paragraph 24.* 

28. In the practice of qualitative analysis, the student necessarily refers to 
authority for the composition of precipitates and other products. For exam- 
ple, when the solution of a carbonate is added to the solution of a calcium salt, 
a precipitate is obtained ; and it has been ascertained by quantitative analysis 
that this precipitate is normal calcium carbonate, CaCO,, invariably. Were 

♦ Concerning the representation of elements by atoms instead of molecoles, in equations, see the foot- 
note imder paragraph 18. 

The '* combining number " of any snbstance given in an equation is the som of its molecular or atomic 
weights as required for the equation. In the first equation in paragraph 18, the combining number of the 
oxygen is 82. The term ** part " should be restricted to the unit of weight, the same for all eabetauceB. An 
atom of hydrogen is one part ; an atom of oxygen is equal to sixteen parts. 
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there no authorized statement of the composition of this precipitate, the stu- 
dent would be unable, without making a quantitative analysis, to declare its 
formula or to write the equation for its production. When the results of analy- 
tical operations are substances of unknown, uncertain, or variable composition, 
equations cannot be given for them. Jn much the greater number of cases, but 
not in all cases, will any acid radical unite with any metal, and, if so, unite as 
normal salt. 

24. By translating chemical equations into staiements of proportional 
parts by weight, they are prepared to serve as data for ordinary uses — in 
operations of manufacture, with large or small quantities, and in quantitative 
analysis. 

For example, in dissolving iron by aid of hydrochloric acid, we have the 
equation : 

Pe + 2HC1 = PeCa, + 2H 
55.9 73.0 126.9 

Also, in precipitating ferrous chloride by sodium phosphate, we have the 
equation : 

PeCa, + Na,HPO, [+12H,Oj = PeHPO, + 2NaCl 
142 + 216 = 358.0 151.9 

Suppose it is desired to determine from the above : 

(1) How much ^* hydrochloric acid," 32 per cent. HCl, is required to dis- 
solve 100 parts of iron wire? 

(2) Wha*- quantities of 32 per cent. " hydrochloric acid " and iron wire 
are necessary to use in preparing 100 parts of absolute ferrous chloride? 

(3) What materials, and what quantities of them, may be used in prepar- 
ing 100 parts of ferrous phosphate 1 

We write the combining numbers of each substance that is to be weighed, 
under its symbols in the equation. These numbers already express tl\e pro- 
portional weights : they may, of course, be changed into other numbers ex- 
pressing the same proportion to each other. If 56 parts of iron are dissolved 
by 73 parts of hydrochloric acid, 100 parts of iron require 130 parts of hydro- 
chloric acid. The iron wire is not quite pure iron, but taken as such. The 
solution of the acid is specified at 32 per cent. The phosphate is weighed in 
crystals and then dissolved — the water of crystallization being included in the 
combining number. Then : 

: 100 : X = parts of absolute HCL for 100 parts iron wire. 

: X : y = parts of 82 p. c. hydrochloric acid for 100 parts of iron. 

: 100 :x 

: X : y = parts of 82 p. c. hydrochloric acid for 100 parts of f errcns chloride. 

: 100 : X = parts of iron wire for 100 parts of ferrous chloride. 
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151.9 : 78.0 : : 100 : x 

32 : 100 : : X : y = parts of 32 p. c. hydrochloric acid for 100 parts of ferrous phosphate. 
3, -j 

151.9 : 55.9 : : 100 : x = parts of metallic iron for 100 parts of ferroas phosphate. 

^151.9 : 358.0 : : 100 : x = parts of cryst. sodium phos. for 100 parts of ferrous phosphate. 
Practice in reducing the combining numbers of the terms in an equation to 
simple parts by weight — ^grams, grains, ounces, or pounds — is a very instruc- 
tive exercise, even in the early part of Qualitative (chemistry. It enforces cor- 
rect and clear ideas of the significance of formulse and equations, and refers 
all chemical expressions to the facts of quantitative operations. In pursuing 
technical chemistry, or advanced chemistry in any direction, this work — 
in *' Chemical Problems " is in constant demand, both as an important means 
of theoretical study and as a necessary accompaniment of all independent 
practice. 

25. The chief requirement in qualitative practice is an experimental ac- 
quaintance with the chemical relations of substances, rather than the identifi- 
cation of one after the other by routine methods. The acids and bases, the 
oxidizing and reducing agents, are all linked together in a network of relations, 
and the ability to identify one, as it may be presented in any combination or 
mixture, rests upon acquaintance with the entire fraternity. For example, in 
the study of an acid, its deportment with all the bases should be learned, all its 
representative salts should be produced, and the character of these salts should 
be mentally associated with the respective baSes as well as with the acid. The 
study of sulphuric acid furnishes the best illustration of an important charac- 
teristic of lead, calcium, magnesium, and other metals. in any test, the 
*' reagent" should not be held by the student as a mere instrument, but as 
one of two substances, both of which are under investigation. The earlier the 
habit of constant generalization is acquired, the sooner will the difficulties of 
the manipulation clear way. The most direct method of pursuing Analytical 
Chemistry is to study chemistry analytically. 

28. It is advisable that the initiatory qualitative workhe done upon known 
material — verifying the characteristics of each acid and base, studying the 
methods of separation, and stating the operations in equations — before attempt- 
ing actual analysis with unknown material. In this initiatory work, the ex- 
amination of each acid and each base needs to be so made, or repeated, that the 
student can obtain, understand, and remember its chemical changes : a mere 
routine repetition of the simpler analytical tests being worse than waste of 
time. Reactions having importance in synthesis require as much attention as 
those important in analysis. 

27. The full text of the book, rather than the analytical tables, should be 
taken as the guide in qualitative operations, especially in those upon known 
material. The tabular comparisons are commended to attention, especially for 
review. In the actual analysis, the tables serve mainly as aii index to the 
body of the work. Throughout the practice upon known material, when the 
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student is engaged upon a base or an acid, and in the study of its reactions, he 
should' refer to a manual of Elementary Chemistry for completion of his ac- 
quaintance with the substance in hand. During the analysis of unknown 
material, the student should constantly consult the more complete works within 
his reach, such as the dictionaries of Storer, and Watts, and the Hand-book of 
Gmelin, or the larger manuals of Miller, Schorlemmer, and others. Habits of 
personal investigation, and of independent search of authorities, when estab- 
lished during qualitative work, form the sure foundation of a good chemical 
education. 



OBDEB OP STUDY. 

The order of study of qualitative analysis, in the laboratory under the author's charge, varied from 
year to year, is at this time (1880) about as follows : Preparatory— a drill in " writing salts," to memorise 
quanlivalence and make the notation familiar. Then, FIRST, a study of the solubilities of metallic salts and 
hydrates, namely : A, obtaining all the precipitates by potassium hydrate or sodium hydrate, with 
the metals of successive groups, then the same with ammonium hydrate, as given in paragraph 33— the 
student writing equations for all precipitates. B, Obtaining the precipitates by potassium carbonate, 
with the successive bases, and formulating the changes (651, 86, 98, 105, etc.) In the same way, the students 
work out the precipitates with, C, the sulphates (676, 88, 98, 106, 812) ; D, the sulphites ; E, free sul- 
phurous acid; F, ammonium sulphide ; Q, hydrosulphuric acid; H, common sodium phosphate; 
/, free phosphoric acid; »/; chlorides ; iT, bromides; X, iodides; Jf,lodates; iV; potaBsium 
dichromate ; 0, ammonium oxalate. SECOND, a study of the analytical reactions of each base, and 
then, for the first, practice in the separation of metals from each other, taking them in the order of their 
groups. THIRD, the analytical reactions of each acid, and then the separations of acids. FOURTH, prac- 
tice with synthetic operations, devised by the student, for required products, with given materials— equa- 
tions of all changes being given by the student. Thus, required to make lead sulphide, taking the lead from 
the metallic state and the sulphur from calcium sulphate. At this point a full examination is held, and 
qualification upon all the work passed over is required before going further. FIFTH, the analysis of un- 
known solid mixtures, each containing from two to seven compounds. The combination of each base, in the 
greater number, to be determined by the action of solvents upon the mixture. Reports received after 
analyses of each five, and results of first and second reports preserved. SIXTH, the analysis of mixtures in 
solution, mostly involving the action of oxidizing and reducing agents. Lastly, a final examination. There 
is a daily recitation, with the daily laboratory work. 
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28. Classification of Metals or Bases. — In chemical analysis, the metals 
are commonly divided into five groups according to their deportment, in solu- 
tion of their salts, with certain general reagents, as follows : 

I. Those metals, forming chlorides insoluble in water (see 9), are precipi- 
tated from the solutions of their salts by the first group reagent, hydrochloric 
acid: Pb, Ag, Hg,". 

II. The metals which in acid solutions form insoluble sulphides, are preci- 
pitated from their acidulated solutions by the second group reagent, hydrosvl- 
phuric acid : As, Sb, Sn, Pb, Ag, Bi, Cu, Cd; Hg,,'', Hg". 

III. Those metals which form sidphides insoluble in water, but decomposed 
by dilute acidSy are precipitated from neutral solutions by the third group 
reagent, ammo9iium sulphide, which also precipitates two metals in this group 
as hydrates : Pe, Mn, Co, Ni, Zn, sulphides ; Al, Cr, hydrates. 

IV. Of the remaining metals, those having carbonates insoluble in water 
are precipitated from their solutions by the fourth group reagent, ammonium 
carbonate : Ba, Sr, Ca, Mg. if ammonium chloride be present, Mg is left for 
the next group. 

V. The metals forming chlorides, sulphides, and carbonates, soluble in 
icater, are not precipitated by any of the four group reagents, and are left to 
the fifth group. K, Na, Li, NH^. 

29. Each group reagent will precipitate the metals of preceding groups. 
The metals distinguished by being insoluble as chlorides (Group I.), are also in- 
soluble as sulphides (with Groups II. and HI.), and as carbonates (with Group 
IV.) The second group sulphides are precipitated both from acid and from 
neutral solutions, though the third group sulphides are precipitated from neu- 
tral, but not from acid solutions, and second and third group metals form 
insoluble carbonates, as well as those of Group IV. In the work of analysis, 
the first group metals may be worked with the second, but thereafter, the 
metals found in each group must be completely removed before testing for the 
next group. After filtering out a group precipitate, the reagent which pro- 
duced it should be again carefully applied, with the proper conditions, to the 
filtrate, before testing it for the next group. 
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The Metals of the Alkalies. 29 

GBOUP V. 
^ The Alkali Metals. 

Potassinm, . . K' = 39.0 Lithium, . . . Li' = 7.0 

Sodium, . . . Na' = 23.0 Eubidium, . . . Ilb' = 85.2 

Ammonium, . . (Nnj'==144-4 Csesium, . . . Cs' = 133.0 

31. The metals of the alkalies are highly combustible, oxidizing quickly in 
the air, displacing the hydrogen of water* even more rapidly than zinc or iron 
displaces the hydrogen of acids, and displacing non-alkali metals from their 
oxides and salts. As elements they are very strong reducing agents, while 
their compounds are very stable, and not liable to either reduction or oxida- 
tion by ordinary means. The five metals, Cs, Rb, K, Na, Li, present a grada- 
tion of electro-positive or basic power, caesium being strongest, and the others 
decreasing in the order of their atomic weights, lithium decomposing water with 
less violence than the others. Their specific gravities decrease, their fusing 
points rise, and as carbonates their solubilities lessen, in the same order. In 
solubility of the phosphate, also, lithium approaches the character of an alka- 
line earth. 

Ammonium is the basic radical of ammonium salts, and as such has the 
characteristics of an alkali metal. The water solution of the gas ammonia, 
NH, (an anhydride), from analogy is supposed to contain ammonium hydrate, 
NH^OH, known as tlie volatile alkali. Potassium and sodium hydrates are 
the fixed alkalies in common use. 

32. The alkalies are very soluble in water, and oM the important salts of 
the alkali metals (including NHJ are soluble in water, not excepting their 
carbonates, phosphates (except lithium), and silicates ; while all other metals 
form hydrates or oxides, either insoluble or sparingly soluble^ and carbonates, 
phosphates, silicates, and certain other salts quite insoluble in water. 

Their compounds being nearly all soluble, the alkali metals are not preci- 
pitated by ordinary reagents, and with few exceptions, their salts do not preci- 
pitate each other. In analysis, they are mostly separated from other metals 
by non-precipitation, . 

33. In accordance with the insolubility in water of the non-alkali hydratesX 
mdi oxides the alkali hydrates precipitate all no9i-alkali metals, except that | 
ammonium hydrate does not precipitate barium, stront_i_um, and calcium. These / 
precipitates are hydrates, except those of njercury, silver, and antimony. . / 

But certain of the non-alkali hydrates and oxides, though insoluble in water, . 
dissolve in solutions of alkalies ; hence, when added in excess, the alkalies re- 
dissolve the precipitates they at first produce with salts of certain metals, 
viz. : the hydrates of Pb, Sn, Sb, Zn, Al, and Cr dissolve in the fixed alkalies ; 



*K + HaO = KOH + 
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The Metals of the Alkalies. 



and oxide of Ag and hydrates of Cu, Zn, Co, and Ni dissolve in the volatile 
alkali. 

Precipitations by Alkali Hydrates (KOH, NaOH, and NH^H). 

(Note the color of precipitates obtained.) 
Barium hydrate, Ba(OH)„ not caused by NH^OH, sol. in 15 parts water (85). 
Strontium 
Calcium 
Magnesium 

Chromium 



Sr(OH),, '' " " 60 parts water. 

Ca(OH)„ '' « '* 700 « (104). 

Mg(OH),, soluble by NH^Cl, sol. in 6,000 '' ' (114). 

Alj,(OH)g, soluble in excess fixed alkali hydrates (145). 

Cr,(OH)g, soluble in cold sol. of fixed alkali, precipitated 
on boiling (154). 

Ferrous " Pe(OH)5, slightly soluble by NH^Cl. Oxidizes in air (174). 

Ferric '' Fe,(OH). (184). 

Manganous '' Mn(OH),, soluble by NH^Cl. Oxidizes in air (204). 

Manganic " Mn,(OH). (214). 

Cobalt " Co(OH)„ sol. in excess NH^OH, and by NH^Cl (219). 

Nickel '' Wi(OH), « « " '' (228). 

Zinc ** Zn(OH)3, soluble in both fixed and vol. alkalies (235). 

Copper « Cu(OH)„ soluble in NH^OH (with blue color) (273). 

Cadmium '' Cd(OH), « « (colorless) (301). 

Bismuth « Bi(OH), (289). 

Lead ** Pb(OH)„ soluble in excess fixed alkalies (309). 

Silver oxide, Ag^O, soluble in excess NH^OH (330). 

Mercurous oxide, ng,0 (by fixed alkalies) (346). 

Mercurous-ammonium chloride, NH^Hg^Cl, from Hg,Cl, by NH^OH (347). 

Mercuric oxide, HgO (by fixed alkalies) (356). 

Merciir-ammonium chloride, WH^HgCl, from HgCl, by NH^OH (357). 

Antimonious oxide, Sb^Oj, soluble in excess fixed alkalies (403). 

Stannous hydrate, Sn(OH)„ " " ** (430). 



Stannic 



Sn(OH), 



(440). 



84. Solutions of the alkalies are caustic to the taste and touch, and turn red 
litmus blue; also, the carbonates, acid carbonates, normal phosphates, and 
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Potassium. 31 

some other salts of the alkali metals, give the '' alkaline reaction " with test 
papers. Sodium nitroferrioyanide, with hydrogen sulphide, gives a delicate 
reaction, 668. 

35. The hydrates and normal carbonates of the alkali metals are not de- 
composed by heat alone (as are those of other metals), and these metals form 
the only acid carbonates obtained in the solid state. 

36. The fixed alkalies, likewise many of their salts, melt on platiniiin foil 
in the flame, and slowly vaporize at a bright red heat (distinction from magne. 
sia). All salts of ammonium, by a careful evaporation of their solutions on 
platinum foil, may be obtained in a solid residue, which rapidly vaporizes, 
wholly or partly, below a red heat (distinction from fixed alkali metals and 
magnesium). 

37. The hydrates of the fixed alkali metals, and those of their salts most 
volatile at a red heat, preferably their chlorides, impart strongly characteristic 
colors to a non-luminous flame, and give well-defined spectra with the spec- 
troscope. \ 

POTASSIUM. 

38. The hydrate, carbonate, dimetallic phosphate, sulphite, nitrite, acetate 
and normal tartrate are deliquescent. 

39. None of the potassium salts are quite insoluble in water ; the platinic 
chloride, acid tartrate, silico-fluoride, nitro-phenate, phospho-molybdate, and 
per-chlorate, being only slightly soluble in water, and quite insoluble in alco- 
hol. The chlorate is but sparingly soluble in cold water, and nearly insoluble 
in alcohol. Also, the carbonate and sulphate are insoluble in alcohol. 

In ordinary qualitative analysis, potassium compounds are identified by 
their flame-color (44), using blue glass to exclude the color of the sodium-flame ; 
also by precipitation of potassium acid tartrate in alcoholic acidified solution 
(41), or of potassium platinic chloride (40). Both these precipitations are used 
in quantitative analysis. 

40. Platinic Chloride (PtClJ, added to neutral or acid solutions not too 
dilute, with hydrochloric acid if the compound be not a chloride, precipitates 
potassium platinic chloride (KCl)3PtCl^, crystalline, yellow. Non-alkali 
bases also preciplitate this reagent, and if present must be removed before this 
test. The precipitate is soluble in 19 parts of boiling water, or 111 parts of 
water at 10° C. Minute proportions are detected by evaporating the solution 
^ith the reagent nearly to dryness, on the water bath, and then dissolving in 
alcohol ; the yellow crystalline precipitate, octahedral, remains undissolved, 
and may be identified under the microscope. 

41. Tartaric acid (H^C^H^OJ, or more readily sodium hydrogen tartrate 
(KaH C^H^O J, precipitates, from solutions suflSciently concentrated, potassium 
hydrogen tartrate, KHC^H^O^, granular-crystalline. If the solution be alka- 
line, tartaric acid should be added to strong acid reaction. The test must be 
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32 PotassiumSodium, 

made in absence of non-alkaline bases. The precipitate is increased by agita- 
tion, and by addition of alcohol. It is dissolved by fifteen parts of boiling 
water or eighty-nine parts water at 25° C, by mineral acids, by solution of 
borax, and by alkalies, which form the more soluble normal tartrate, K^C^H^O,, 
but not by acetic acid, or at all by alcohol of fifty per cent. 

42. Nitrophenic acid, "BG^^^NO^fi, picric acid, precipitates, from solu- 
tions not very dilute, the yellow, crystalline potassium ^litropfienatej 
KCgH,(W0j30, insoluble in alcohol, by help of which it is formed in dilute 
solutions. The dried precipitate detonates strongly when heated. 

48. It will be observed that ammonium salts form precipitates with plati- 
nic chloride and with tartaric acid, closely resembling those formed with salts 
of potassium, but the latter is the only fixed alkali which is precipitated by 
these reagents. 

44. Potassium compounds color the flame violet. A little of the solid sub- 
stance, or residue by evaporation, moistened with hydrochloric acid, is brought 
on a platinum wire into a non-luminous flame. The wire should be previously 
moistened with hydrochloric acid, and held in the flame until it does not color. 
The presence of very small quantities of sodium enables its yellow flame com- 
pletely to obscure the violet of potassium ; but owing to the greater volatility 
of the latter metal, flashes of violet are sometimes seen on the first introduc- 
tion of the wire, or at the border of the flame, or in its base, even when enough 
sodium is present to conceal the .violet at full heat. Silicates may be fused 
with pure gypsum, giving vapor of potassium sulphate. The interposition of a 
blue glass, or prism filled with indigo solution, sufficiently thick, entirely cuts 
off the yellow light of sodium, and enables the potassium flame to be seen. 
The red rays of the lithium flame are also intercepted by the blue glass or in- 
digo prism, a thicker stratum being required than for sodium. If organic sub- 
stances are present, giving luminosity to the flame, they must be removed by 
ignition. Certain non-alkali bases interfere with the examination. 

45. The volatile potassium compounds, when placed in the flame, give a 
widely-extended continuous spectrum, containing two characteristic lines ; one 
line K a, situated in the outermost red, and a second line, K y^, far in the violet 
rays at the other end of the spectrum. 

SODIUM. 

46. Of ordinary compounds of sodium, only the hydrate, nitrate, and chlo- 
rate are deliquescent. The carbonate (10 aq.), sulphate (10 aq.), sulphite (8 aq.), 
phosphate (12 aq.)y and acetate (3 aj'.), are efflorescent. 

47. The salts of sodium are freely soluble in water, except the metantimo- 
niate and the silico-fiuoride, the latter being sparingly soluble. 

Sodinxn is identified chiefly by its flame-color (50), and by non-precipita- 
tion with various reagents. Its soluble salts are weighed in gravimetric opera- 
tions. 
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48. Solution of potassium metantimoniate (KSbO,) produces, in neutral or 
alkaline solutions, a slow-forming, white, crystalline precipitate, NaSbO,, 
almost insoluble in cold water. The reagent must be carefull j prepared and ' 
dissolved when required, as it is not permanent in solution. (See under Anti- 
monic Acid, 419.) ^ 

49. Sodium platinic chloride, (WaCl),PtCl^, crystallizes from its concen- 
trated solutions in red prisms, or prismatic needles (distinction from potassium 
or ammonium). A drop of the solution to be tested is slightly acidified with 
hydrochloric acid from the point of a glass rod on a slip of glass, treated with 
two drops of solution of platinic chloride, left a short time for spontaneous 
evaporation and crystallization, and observed under the microscope. 

50. Sodium compounds color the flame intensely yellow — the color being 
scarcely affected by potassium (at full heat), but modified to orange-red by 
much lithium, and readily intercepted by blue glass. Infusible compounds may 
be ignited with calcium sulphate. The test is interfered with by some non- 
alkali bases. 

51. The spectrum of sodium consists of a single band, Na or, at Fraun- 
hofer's line D, in the yellow of the solar spectrum. 

52. The amount of sodium in the atmosphere, and in the larger number of 
substances designed to be " chemically pure," is sufficient to give a distinct but 
evanescent yellow color to the flame and spectrum. 

AMMOIOUM. 

53. The anhydride, ammonia (WH3), gaseous at common temperatures, 
dissolves in twice its weight of cold water, forming a volatile solution lighter 
than water. 

54. The "sesquicarbonate" (ira[J^H3(C03)3 (lag.), or tetra-ammonium 
dihydrogen carbonate, and the phosphate (2 aq.), are efflorescent; the nitrate 
is deliquescent, and the sulphate, slightly deliquescent. The normal carbonate 
is very instable, and used only in solution. 

55. The solubilities of the salts of ammonium correspond very nearly 
with those of potassium salts. 

Ammonium is found by obtaining the anhydride, ammonia, in vapor (56, 
57). Precipitation as mercurammonium iodide (58) is also used. Ammonium 
platinic chloride is weighed in quantitative work (61). For the nitroferricy- 
anide test, see 668. 

56. Ammonia gas (HIHg) escapes from its solutions (having alkaline reac- 
tion) at ordinary temperatures, more rapidly when heated ; and from its com- 
binations, in any mixture (alkaline, neutral, or acid), by heating with an alkali 
or alkaline earth (potassium or calcium hydrate). 

WH^Cl + KOH = KCl + TSTEL, + H,0 

57. Aihmonia gas is recognized^ 1st, by its odor ; 2d, by; turning 
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34 AMMOmUM. 

moistened red litmus-paper to blue ; 3d, by changing red logwood paper 
blue; 4th, by rendering paper wet with solution of cupric sulphate blue; 
5th, by blackening paper wet with solution of mercurous nitrate ; 6th, by 
forming white fumes with the vapors of volatile acids, vapor of HCl form- 
ing solid NH^Cl ; vapor of HC^HjOj, forming solid NH^ CgHjO,, eto. 

58. A solution of potassium mercuric iodide, (KI),ngI,, containing 
also potassium hydrate — Nessler's test * — produces a brown precipitate of 
nitrogen dimercuric iodide, NHg,,! (dimercur-ammonium iodide, 347, foot- 
note), soluble by excess of KI and by HCl ; not soluble by KBr (distinction 
from HgO) : 

NH3 + 2HgI, = NHg,I + 3HI 

irapH + 2(KI),HgI, + 3KOH = NHg.I + 7KI + 4H,0 

This very delicate test is applicable to ammonium hydrate or salts ; traces 
forming only a yellow to brown coloration. The potassium mercuric iodide, 
alone, precipitates the alkaloids from neutral or acid solutions, but does not 
precipitate ammonium salts from neutral or acid solutions. 

59. Mercuric chloride (HgCl,), forms, in solutions of ammonium hydrate 
or ammonium carbonate, the " white precipitate*" of nitrogen dihydrogen 
mercuric chloride, NH^HgCl, or mercur-ammonium chloride. If the ammonium 
is in a salt, not carbonate, it is changed to the carbonate and precipitated, by 
addition of mercuric chloride and potassium carbonate previously mixed in 
solutions (with pure water), so dilute as not to precipitate each other (yellow). 
This test (Bohlig's) is intensely delicate, revealing the presence of ammonia 
derived from the air by water and many substances. 

60. Add a small quantity of recently precipitated and well-washed silver 
chloride, and, if it does not dissolve after agitation, then add a little potassium 
hydrate solution. The solution of the AgCl, before the addition of the fixed 
alkali, indicates free ammonia.; after the addition of the fixed alkali, ammonium 
salt. (Applicable in absence of thiosulphates, iodides, bromides, and sulpho- 
oyanides.) 

61. Platinic chloride, and tartaric acid, form precipitates with am- 
monium, which, in conditions of production, form and color of crystals, and in 
solubility, closely resemble the potassium precipitates with the same reagent. 
They may be distinguished by the effect of ignition, which, in case of am- 
monium platinic chloride, leaves pure spongy platinum (without KCl), and, in 
case of ammonium hydrogen tartrate, leaves pure carbon (without KjCOj). 
Also, NH^H C^H^Og is more soluble in water than KH C^H^O^. Nitrophenic 
acid precipitates ammonium, in solutions not very dilute. 



* ThiB reagent may be prepared as follows : To a solution of mercnric chloride add solnUon of potaseic 
iodide till the precipitate is nearly all redissolved ; then add solution of potasslam hydrate ; leave until the 
}iquid becomes dear, and decant from any remaining sediment. 
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LlTHTUM. 36 

62. Phosphomolybdate of sodium (494, foot-note) precipitates am- 
monium from neutral or acid solutions ; also precipitates the alkaloids, even 
from very dilute solutions, and, from concentrated solutions, likewise precipi- 
tates K, Rb, and Cs (all the fixed alkalies, except Wa and Li). 

63. Ammonium salts in solution, treated with chlorine gas, generate the instable and 
violently explosive ** nitrogen chloride" (NOl8?)(a). The same product is liable to arise 
from solid ammonium salts treated with chlorine. Gaseous ammonia, and aqueous am- 
monium hydrate, with chlorine gas, generate free nitrogen (b), a little ammonium chlo- 
rate being formed if the ammonia is in excess. Hypochlorites^ or hypobromites (or chlo- 
rine or bromine dissolved in aqueous alkali, so as to leave an alkaline reaction) liberate, 
from dissolved ammonium salts, all of their nitrogen (as shown in the second equation of 
h) ; the measure of the nitrogen gas being a means of quantitative estimation of ammo- 
nium. — With iodine, ammonium iodide and the explosive iodam ides (as in equation c), 
are produced ; also, in proportion governed by conditions, iodate (d), and hypoiodite, may 
be formed.— Ammonia is liable to atmospheric oxidation to ammonium nitrite and nitrate. 
^Permanganates oxidize to nitrate (e). — Ammonia is somewhat readily produced from 
nitric acid by strong reducing agents. It is formed with carbonic anhydride, in a water 
solution of Cyanic acid, and, more slowly, in a water solution of Hydrocyanic acid. It is 
generated, by fixed alkalies, in boiling solution of Cyanides (/) ; also, in boiling solu- 
tions of albuminoids and other nitrogenous organic compounds, this formation being 
hastened and increased by addition of permanganate (Wanklyn's process). Fusion with 
fixed alkalies transforms all the nitrogen of organic bodies into ammonia. 



a. 


NH4OI 


+ 


601 




= NOI3 


-f 4H01 


b. 


4NH. 


+ 


801 




= 3NH4OI 
NH4OI 


+ N 

+ 301 = 4H01 -f N 


c. 


2NH, 
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= NH4I 


+ NH,I 
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6NH4OH 
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= 5NH4I 


-f NHJO, -f 8HaO 


e. 


6NH4OH 
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mjOn^Os 


= 8NH4NOS 


+ 8MnO(OH)a -f 6HaO 


/. 


HON 


+ 


KOH 




+ HaO 


= NH, + ZOHO, (formate) 


64 


. Heat va 


pori 


zes the 


carbonate, and the haloid salts of ammonium, 



undecomposed / decomposes the nitrate with formation of nitrous oxide and 
water, the phosphate and borate with evolution of ammonia, and other salts 
with various products. 

65. Ammonium compounds impart to the flame a faint and evanescent 
violet color. 

LITHIUM. 

66. The chloride, chlorate, and many other salts, are very deliquescent. 

67. The carbonate, phosphate, and silico-fluoride are only sparingly 
soluble in water ; the other salts of lithium are freely soluble in water, and 
nearly all soluble in alcohol. Lithium is identified, chiefly, by spectral analy- 
sis and flame-color (70, 71). 

68. Sodium phosphate, Na,HPO^, precipitates trimetallic lithium phos- 
phate LijPO^, soluble in 2,530 parts water ; more soluble in solutions of am- 
monium salts (distinction from magnesium) ; but much less soluble in strong 
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36 Rubidium and Cesium. 

solution of ammonia, in dilute solutions, the precipitate forms only aflei 
boiling; and addition of sodium hydrate to alkaline reaction, or of ammonia to 
strong solution, increases the precipitate, its solution in hydrochloric acid is 
not at once precipitated by ammonium hydrate in the cold (distinction from 
alkaline earth metals) ; and the blow-pipe bead of lithium phosphate, with soda, 
is transparent (that of alkaline earth metals being opaque). 

69. Nitrophenic acid forms a yellow precipitate, not easily soluble in 
water. 

70. Compounds of lithium impart to the flame a carmine red color, ob- 
scured by sodium, but not by small quantities of potassium compounds. Blue 
glass, just thick enough to cut off the yellow light of sodium, transmits the red 
light of lithium ; but the latter is intercepted by a thicker part of the blue 
prism, or by several plates of blue glass. 

71. The spectrum of lithium consists of a bright red band, Li a, and a 
faint orange line, Li fi. The color tests have an intensity intermediate between 
those of sodium and potassium. 

RUBIDIUM AND CiBSIUM. 

72. Of the known elements, these metals possess the extreme of basic power, as ap- 
pears from the gradation in the properties of the five metals of the alkali group, stated in 
paragraph 31. Metallic caesium has not been isolated in mass ; rubidium vaporizes more 
easily than potassium, and decomposes water with more violence. The hydrates of both 
these metals are very deliquescent, and strongly alkaline. The carbonate of caesium is 
soluble in five parts of boiling alcohol — other fixed alkaline carbonates being insoluble in 
alcohol ; but the separation of Os and Rb carbonates with absolute alcohol is hindered by 
formation of a double carbonate of both metals, not wholly insoluble in alcohol. The 
salts of rubidium and csesium are soluble, except those named in the next paragraph, 
most nearly coinciding with potassium in precipitation. 

73. Plaiinic chloride precipitates, from chlorides or mixtures containing hydrochlo- 
ric acid, yellow ccesium platinic chloride, (Os01)3PtOl4, in microscopic octahedral crys- 
tals, soluble in 265 parts of boiling water or 2,000 parts of water at 10*^ C. ; also yellow 
rubidium platinic chloride, (Rb01)aPtOl4, octahedral, soltible in 157 parts boiling water 
or 649 parts of water at 10® C. — Tartaric a>cid, or sodium hydrogen tartrate, precipi- 
tates caesium hydrogen tartrate only from very concentrated solutions, being dissolved by 
about 10 parts of water at 25*^ C. The precipitate of rubidium hydrogen tartrate, 
RbH04H40e, is much less soluble, requiring 84 parts of water at 25^ C. for solution.— 
Stannic chloride precipitates caesium, from solution with strong hydrochloric acid, as 
cmsium stannic chloride, (Os01)9SnOl4, insoluble in strong hydrochloric acid, but soluble 
in water, and not formed in neutral solution, a distinction and separation from rubidium 
and all alkaline bases, except ammonium. — Aluminic sulphate, or ammonia alum, 
precipitates, from solutions containing sulphuric acid, ccesium aluminic sulphate, 
0«Al(S04)9.12HaO, soluble in 160 parts of water at 17° C. — Rubidium alumdnic sulphate 
is soluble in 44 parts of water at 17° C. The chlorides and other volatile salts of caesium 
color the ^me violet blue ; those of rubidium, violet red. Both metals readily give 
characteristic spectra. 
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GBOUP IV. 

74. The Alkaline Earth Metals. 

Barinm, Ba" = 136.8 

Strontium, Sr" = 87.2 

Calcium, Ca" = 39.9 

Magnesium, Mg''= 23.9 

76. Like the alkali metals (31), Ba, Sr, and Ca oxidize rapidly in the air 
at ordinary temperatures — forming alkaline earths — and decompose water with- 
out the aid of an acid, forming hydrates ; also these hydrates are formed, with 
evolution of heat, when the oxides are brought in contact with water. Mg 
oxidizes rapidly in the air when ignited, decomposes water at 100^ C, and its 
oxide — in physical properties unlike the other alkaline earths — slowly unites 
with water without sensible production of heat. As compounds, these metals 
are not easily oxidized beyond their quantivalence as dyads, and they require 
very strong reducing agents to restore them to the elemental state. 

76. in basic power, Ba is the strongest of the four, Sr somewhat stronger 
than Ca, and Mg much weaker than the other three. It will be observed that 
the soluMlity of their hydrates varies in the same decreasing gradation, which 
is also that of their atomic weights ; while the solubility of their sulphates 

; varies in a reverse order, as follows : 

77. The hydrate of Ba dissolves in about 15 parts of water ; that of Sr, 
in 60 parts ; of Ca, in 700 parts ; and of Mg, in 6,000 parts. The sulphate 
of Ba is not appreciably soluble in water ; that of Sr dissolves in 7,000 parts ; 
of Ca, in 400 parts; of Mg, in 3 parts. To the extent in which they dissolve 
in water, alkaline earths render their solutions caustic to the taste and touch, 
and alkaline to test-papers. 

78. The carbonates, normal phosphates, silicates, and some other salts of 
alkaline earths, are insoluble in water (as are those of the bases of the first 
three groups ; see 32). Magnesium carbonate is soluble in ammonium salts, 
whereby its precipitation with the other three is prevented. Calcium oxalate 
and barium chromate are insoluble (see table for Group IV., 798) ; the oxalates 
of the other alkaline earths and the chromate of strontium are sparingly soluble ; 
chromate of calcium freely soluble. 

In qualitative analysis, the gronp-separation of the first three alkaline earth 
metals is effected, after removal of the first three groups of bases, by precipita- 
tion with carbonate in presence of ammonium chloride, after which magnesium 
is precipitated from the filtrate, as phosphate (28). 

79. The hydrates of Ca, Sr, and Ba, in their saturated solutions, neces- 
sarily dilute, throw down, fi-om solutions of salts of the metals of the first three 
groups and of Mg, thin precipitates of hydrates of the latter, which precipi- 
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tates are not soluble in excess of the precipitants (compare 33). In turn, the 
fixed alkalies precipitate, from solutions of Ba, Sr, Ca, and Mg, so much of 
the hydrates of these metals as does not dissolve in the water present ; but arrh 
monium hydrate precipitates only Mg, and this but in part, owing to the solu- 
bility of Mg(OH)3 in ammonium salts. 

80. Solutions containing alkaline earth metals with phosphoric^ oxalic^ 
boracic, or arsenic acid, necessarily have the acid reaction, as occurs in dis- 
solving phosphates, oxalates, etc., with acids ; such solutions are precipitated 
by ammonium hydrate or by any agent which neutralizes the solution (19), 
and, consequently, we have precipitates of this kind in the third group. 

CaCl, + H3PO, + 2ira:,OH = CaHPO, + 2ira:,Cl + 2H,0 
0*^4(1*0^, + 2NH,OH = CaHPO, + (NHj,HPO, + 2H,0 

81. The carbonates of the alkaline earth metals are dissociated by heat, 
leaving metallic oxides and carbonic anhydride. This occurs with difficulty in 
the case of Ba, Sr, and Ca; with readiness in the case of Mg (compare 35) ; 
hence, ignition of the carbonates of Ba, Sr, and Ca causes them to present the 
alkaline reaction to a slip of moistened litmus- paper. 

82. Compounds of Ba, Sr, and Ca (preferably with HCl) impart charac- 
teristic colors to the non-luminous flame, and readily present well-defined 
spectra. 

BARIUM. 

83. Most of the soluble salts of barium are permanent ; the acetate is 
efflorescent. 

84. The chloride, bromide, iodide, sulphides, ferrocyanides, nitrate^ chlo- 
rate, acetate, and phenylsulphate, are freely soluble in water ; the carbonate^ 
sulphate, sulphite, chromate, phosphate, oxalate, iodate, and silico-fluoride, are 
insoluble in water. The chloride is almost insoluble in strong hydrochloric 
acid ; likewise the nitrate, in strong hydrochloric and nitric acids. The chlo- 
ride and nitrate are insoluble in alcohol. 

Barium may be separated from other alkaline earth metals by precipita- 
tion as chromate (89), and by its closer precipitation as sulphate (88). The 
latter precipitation is a sharp distinction from all other metals except lead, 
strontium, and calcium ; and is the operation most used in quantitative analysis 
of barium, and of sulphates. 

85. The fixed alkali hydrates precipitate only concentrated solutions of 
barium salts, as explained by the statement in 77. 

86. The alkali carbonates— as K,CO, and (NH,),CO, — precipitate, from 
barium salts in solution, barium carbonate (BaCO,) white. (Compare 78 and 
19.) The precipitation is promoted by heat, and by ammonium hydrate, but 
js made slightly incomplete by the presence of ammonium chloride and nitrate, 

87. Barium Oarbonate— BaCOs — is a valuable reagent for special purposes, chiefly 
for separation of third group metals. It is used in the form oJL4he moist precipitate, 
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which mnst be thoroughly washed. It is best precipitated from boiling solutions of chlo- 
ride of barium and carbonate of sodium or ammonium, washed once or twice by decanta- 
tion, then by filtration, till the washings no longer precipitate solution of nitrate of 
silver. Mixed with water to consistence of cream, it may be preserved for some time in 
stoppered bottles, being shaken whenever required for use. When dissolved in hydro- 
chloric acid, and fully precipitated by sulphuric acid, the filtrate must yield no fixed 



This reagent removes sulphuric acid (radical) from all sulphates in solution to which 
it is added (88) : 

NaaS04 + BaCOa = BaS04 + NaaCO, 
When salts of non-alkali metals are so decomposed, of course, they are left insoluble, 
as carbonates or hydrates, nothing remaining in solution : 

Peso* + BaOO, = BaSO* + PeCO, 
Fe3(S04)8 + 3BaOOs + 3HaO = SBaSO* -f Fea(OH)« + 3CK)a 

The chlorides of the double triads of the third group, namely, aluminic, chromic^ and 
ferric chlorides, are decomposed by barium carbonate ; while the other metals of the 
third group, zinc, manganese, cobalt, nickel, and iron in ferrous combination, are not 
precipitated from their chlorides by this reagent. But tartaric acid, citric acid, sugar, 
and other organic substances, prevent the decompositions by carbonate of barium. 

88. Sulphurio acid (H,SOj, and all soluble sulphaties, precipitate la- 
rium sulphate (BaSOJ white [77, 19, and 676], slightly soluble in hot con- 
centrated sulphuric acid. Immediate precipitation by the (dilute) saturated 
solution of calcium sulphate distinguishes Ba from Sr (and of course from Ca) ; 
but precipitation by the (very dilute) solution of strontium sulphate is a more 
certain test between Ba and Sr. 

89. Normal qhromateS) as KjCrO^, precipitate barium salts (also, stron- 
tium salts in solutions not very dilute) ; the yellow precipitate, BaCrO^, being 
almost insoluble in water, slightly soluble in Ijcetic acidjbut soluble in hydro- 
chloric andjiitric ^cids, and moderately soluble in chromic acid.* (SrCr6^,' 
also yellow, is a little more soluble in water than the barium salt.) Dichro- 
mates (as K^Cr^O,) precipitate barium, as normal chromate,/rom the acetatey 
in solution not dilute (but do not precipitate strontium). 

90. Soluble phosphates, full metallic, or two-thirds metallic, asNa^HPO^, 
precipitate barium phosphate^ white, consisting of BaHPO^ when the reagent 
is two-thirds metallic, and Ba3(POj, when the reagent is full metallic. 

91. Oxalates, as (NHj^CjO^, precipitate barium from solutions not very 
dilute ; as BaCj,0^, somewhat soluble in oxalic and acetic acids. (Compare 
656.) 

92. Hydro-fluosilicio aoid, H^SiP^, precipitates white, crystalline Ba 
SiP^, slightly soluble in water, not soluble in alcohol (distinction from stron- 
tium and calcium). 

♦ Soluble in 86,957 parta of water, 8,670 parts of water containing 1 per cent, acetic acid, 2.618 parts of 
water containing 5 per cent, acetic acid, 2,014 parts of water containing 10 per cent, acetic acid — Schwbit- 
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98. Solutions of iodates, as NalO,, precipitate, from barium solutions not 
very dilute, barium iodate, Ba(I03)„ white, soluble in 600 parts of hot or 1,746 
parts of cold water (distinction from the other alkaline earth metals). 

94. Barium compounds impart to the flame a yellowish green color, which 
appears blue-green when viewed through green glass. 

95. The spectrum of barium is at once distinguished from all others by the 
green bands, Ba a, Ba /^ ; a bright band also appears in the yellow and fainter 
bands in the orange red. 

STRONTIUM. 

96. The chloride is slightly deliquescent ; crystals of the nitrate and acetate 
effloresce. 

97. In solubility, most compounds of strontium closely resemble those of 
barium (84) — the hydrate being a little less soluble, and the sulphate and 
chromate more soluble in water than the corresponding barium compounds, 
and the silico- fluoride quite soluble (see 77). The chloride is soluble, the 
nitrate insoluble in alcohol absolute. 

Strontium is identified, in the fourth group, after removal of barium, by 
precipitation with calcium sulphate solution (99) ; also, quite clearly, by the 
flame-color and spectrum (100, 101). 

98. By its deportment with carbonates, phosphates, and oxalates, stron- 
tium is not to be distinguished from barium; the differing reactions of the two 
metals with sulphates, chromates, and hydro-fluosilicio acid, are compared 
under the head of Barium. Strontium sulphate is soluble in 400 to 500 parts ' 
of concentrated nitric or hydrochloric acid. 

99. Saturated solution of calcium sulphate (CaSOj slowly produces a 
faint precipitate of SrSO^, prevented or dissolved by presence of hydrochloric 
and nitric acids, but insoluble in alcohol. It is almost insoluble in a concen- 
trated solution of ammonium sulphate, which separates it from CaSO^. 

100. Strontium compounds color the flame crimson. In presence of barium 
the crimson color appears at the moment wlien the substance, moistened with 
hydrochloric acid, is first brought into the flame. The paler, yellowish-red 
flame of calcium is liable to be mistaken for the strontium-flame. 

101. The spectriun of strontium is characterized by eight bright bands, 
namely ; six red, one orange, iand one blue. The orange line, Sr a, at the red 
end of the spectrum ; the two red lines, Sr ft and Sr A, and the blue line, Sr ?, 
are the most important. 

CALCIUM. 

102. The chloride, bromide, iodide, nitrate, and chlorate are deliquescent; 
the acetate is efflorescent. 

103. The carbonate, oxalate, and phosphate, are insoluble in water; the 
hydrate, sulphate, sulphite, and iodate, are slightly soluble in water (77), but 
are insoluble in alcohol The chloride, iodide, and nitrati^^^J^luble in 
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alcohol. The ferrocyanide is soluble; the potassio-ferrocyaiiide, insoluble in 
water. 

Calcium is most often determined by precipitation as oxalate, afler removal 
of all insoluble sulphates (107). 

104. The fixed alkali hydrates precipitate calcium hydrate, Ca(OH)j, 
from solutions of calcium salts not very dilute. The precipitate is less soluble 
in solution of potassium or sodium hydrate, and more soluble in solution of am- 
monium hydrate than in pure water. 

105. In their deportment with soluble oarbonates (precipitation of 
CaCOg), and with alkaline phosphates (precipitation of CaQiPO^ or 
Ca3(POj,), solutions of calcium cannot be distinguished from solutions of 
strontium and barium (86, 90). 

106. Sulphuric acid and soluble sulphates -(not calcium sulphate) pre. 
cipitate CaSO^ from calcium salts, in moderately concentrated solutions, (T7 
and 19). The precipitate is distinguished from barium and strontium sul- 
phates by dissolving in concentrated solution of ammonium, sulphate* 

107. Alkaline oxalates, as (NHj^CgO^, precipitate calciiim oxalate^ 
CaC^O^, from even dilute solutions of calcium salts. The precipitate is scarcely at ' 
all soluble i n acetic or oxalic acids (separation of oxalic from phosphoric acid), 
but is soluble in hydrochloric and nitric acids. The precipitation is hasten 
by presence of ammonium hydrate. Formed slowly, from very dilute solu- 
tions, the precipitate is crystalline, octahedral. If Sr or Ba are possibly 
present in the solution tested, an alkaline sulphate must first be added, and 
after digesting a few minutes^ if a precipitate appears, SrSO^, BaSO^, or if 
the solution was concentrated, perhaps CaSO^, it is filtered out, and the oxalate 
then added to the filtrate (see 798, last column). Observe the precipitate 
formed by ammonium oxalate in the reagent solution of calcium sulphate. 
Ignition of CaC,0^ changes it first to CaCO,, then to CaO, giving alkaline 
reaction to test-paper. 

108. Neutral alkaline sulphites, as Na^SOj, precipitate CaSOg, nearly 
insoluble in water, soluble in hydrochloric or nitric acid, and in sulphurous 
acid. This reaction is common to the alkaline earths. 

109. Alkaline arsenites precipitate, from neutral calcium solutions, cal- 
cium arsenite, CaHAsO,, soluble in acids and in ammonium hydrate. The 
precipitate forms slowly. Other alkaline earth metals are not precipitated by 
arsenites, unless in concentrated solutions. 

110. Compounds of calcium, preferably the chloride, render the flame yeh 
htoish red. The presence of strontium or barium obscures this reaction, but 
a mixture containing calcium and barium, moistened with hydrochloric acid, 
gives the calcium color on its first introduction to the flame. 

111. The spectnun of calcium is distinguished by the bright green line, 
Ca /?, and the intensely bright orange line, Ca at, near the red end of the 
spectrum. 
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MAGNESIUM. . 

112. The chloride, bromide, iodide, chlorate, nitrate, and acetate (4 ag^.), 
are deliquescent ; the sulphate (7 aq), slightly efflorescent. 

113. The hydrate^ carlonate, phosphate, and arseniate, are insoluble in 
water; the sulphite^ oxalate, and^tartrate, sparingly soluble ; the chromate, 
soluble. The hydrate and ca'rbonate are soluble in ammoniuiu salts — except 
ammonium phosphate — (114, a). 

Magnesium is mostly determined,- by precipitation as magnesium ammo- 
nium phosphate, after removing all carbonates insoluble in ammonium chloride 
solution (117). For closer exclusion of barium and calcium, see 122. 

114. The fixed alkali hydrates and the hydrates of baritun, strontium, 
and calcium, precipitate, from calcium salts in solution, magnesium hydrate, 
Mg(OH).^, nearly insoluble in water, but soluble in ammonium chloride or sul- 
phate (equation a). 

Ammonium hydrate precipitates half the magnesium as a hydrate, leav- 
ing the other half in solution as a double salt of magnesium and ammo- 
nium (J) : 

a. Mg(OH)a + 4NH4CI = (NH4Gl)aMg01, + 2NH4OH * 
h. 2MgS04 + 2NH4OH = Mg(OH)3 4- (NH4)aS04MgS04 

115. Ammonium sulphide forms no precipitate. The normal carbonates 
of the fixed alkali metals — as K^CO, — ^veci^it^tQ magnesium basic carbonate 
— Mg, (003)3 (OH) J, variable to l/Lg^{CO^JiQ'K)^. Carbonic acid is liberated 
in the formation of this basic salt : 

4MgS04 + 4NaaC03 + HaO = Mg4(C03)8(OH)a + COa + 4NaaS04 

But in thjB cold the free CO, combines with another portion of MgOO,, to 
form a soluble supercarbonate : 

5MgS04 + 5NaaC08 + H2O = Mg4(C08)s(OH)a + MgCOs.COa + SNaaSG* 
On boiling, the supercarbonate is precipitated as MgOO, with escape of 
CO,. 

116. Ammonium carbonate scarcely precipitates magnesium salts, except 
in concentrated solutions, owing to the formation of a soluble double carbonate 
of magnesium and ammonium : 

MgS04 + 2(NH4)aC08 = MgCOa(NH4)aC03 + (NH4)2S04 

117. Alkaline phosphates — as Na^HPO^ — precipitate rriagnesium phos- 
phate, MgHPO^, if' the solution be not very dilute. But even in very dilute 
solutions, by the further addition of ammonium hydrate (and NH^Cl), a crys- 
talline precipitate is slowly formed, magnesium ammonium phosphate— 
MgNH^PO^. Stirring with a glass rod against the side of the test-tube pro- 
motes the precipitation. The addition of ammonium chloride, in this test, 
prevents formation of any precipitate of magnesium hydrate (114, J). The 
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precipitate dissolves in 15,000 parts pure water, or in 44,000 parts of water 
containing ammonium hydrate. 

118. Alkaline arseniates — as Na^HAsO^ — act with magnesium salts in 
all respects like the phosphates, giving corresponding precipitates, 

119. In the dry way, the only characteristic test for magnesium is the 
'pale rose color, obtained by igniting, then moistening the compound with solu- 
tion of cobalt nitrate, and again igniting strongly on charcoal. The color is 
more apparent on cooling, is not intense, and is prevented by presence of many 
other bases. The spectrum of magnesium, as well as the spectra of most of 
the metals yet to be described, cannot be obtained by means of the flame, in 
which their compounds are not volatile. To obtain them, recourse must be 
had to the electric spark. 
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Separation of the Fourth Oroup Metals. 45 

SEPARATION OF THE POUBTH GROUP METALS. 

121. Barium, strontium, calcium, and magnesium, may be completely precipitated 
together, either as carbonates or as phosphates ; but a precipitate of phosphates would be 
intractable in further operations, owing to the difficulty of removing thd non-volatile 
phosphoric acid. Hence, they are precipitated as carbonates, and this could be done by 
any alkaline carbonate ; but the necessity for subsequent examination for fixed alkali 
metals restricts us to ammonium carbonate. Now, this reagent but ijnperfectly preci- 
pitates magnesium (116) ; and from this difficulty, and also because magnesium is more 
easily separated from alkali metals than from other alkaline earth metals, the ordinary 
scheme of separation provides for the precipitation of Ba, Sr, and Ca, by ammonium car- 
bonate in presence of ammonium chloride, so as to leave Mg either with the fifth group, 
or as a distinct division of the fourth group. 

122. The precipitation of barium, strontium, and calcium, by ammonium carbonate 
in the presence of chloride, is not as complete as would be desirable in very delicate 
analyses. For the carbonates of barium, strontium, and calcium are all slightly soluble 
in ammonium chloride solution ; and while the prescribed addition of ammonium hydrate, 
and excess of ammonium carbonate, greatly reduces the solubility of the precipitated car- 
bonates, yet even with these the precipitation is not absolute, though more nearly so with 
strontium than with barium and calcium. Thus, in quantitative analyses, if barium and 
calcium are precipitated as carbonates, it must be done in the absence of ammonium 
chloride or sulphate, and the precipitate washed with water containing ammonium 
hydrate. 

123. But a more accurate precipitation of barium is effected by sulphates, and of cal- 
cium by oxalates, and these tests may be applied to portions of the filtrate from the pre- 
cipitation by carbonates, or of the liquid that has given no precipitate by carbonates. 
Also, the complete removal of barium and calcium is not only a test for traces of these 
two metals, but it enables us to accept a slight precipitation of phosphate afterwards as 
conclusive evidence of the presence of magnesium (unless lithium be present). This pre- 
cautionary work, done after the ordinary work for barium, strontium, and calcium, may 
be tabulated as follows : 

Divide the filtrate from thefoarth gronp Into three portions. 

Teat in I. for Ba with a drop of H3SO4, leav- I Test in n. for Oa with OSCEL^^O^O^, leaving 

ing some time. | some time. 

If both Ba and Ca appear, mix I. and n. ; let the mixture stand ; filter and test the filtrate for Mf 
by Va2HF04 and NH4OH 

If either Ba or Ca appears, filter it and test the filtrate for Mgr* 
If neither Ba nor Ca appears, test portion ni. for IC9. 

124. The solution of calcium sulphate can be used to distinguish between barium, 
strontium, and calcium (88, 99, 106), provided that but one metal of the group is present, 
and that the solution be at least moderately concentrated, and not notably acid. 

126. The unlike solubilities in alcohol, of the chlorides and nitrates of barium, 
strontium, and calcium (84, 97, 108) enable us to separate them quite closely by absolute 
alcohol, and approximately by ** strong alcohol," as follows : 

Dissolve the carbonate precipitate in HOI, evaporate to dryness on the water-bath, rub 
the residue to a fine powder in the evaporating dish, and digest it with alcohol. Filter 
through a small filter, and wash with alcohol. 
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Besidite, BaOla. 

Dissolve in water, test with OaSOi, 
etc. 



Filtrate SrOla and CaCls. 

Evaporate to dryness, dissolve in water, change to nitrates by pre- 
cipitating with (NH4)aC08, washing, and dissolving in HNOs. 
Evaporate the nitrates to dryness, powder, digest with alcohol, filter 
and wash with alcohol. 



Residvs, Sr(N03)2. 

Precipitation by CaS04 in wa- 
ter solution ; flame test, etc. 



Filtrate, Oa(NOs)a. 

Precipitation by H3SO4 in alco- 
hol solution; by(N'H4)9C204,ete. 



126. Or, the alcoholic filtrate of SrCla and CaCla may be precipitated with (a drop 
of) sulphuric acid, the precipitate filtered out and digested with solution of (NH4)aS04 
and a little NH4OH (106). Reaidrie, SrS04. Solution contains CaS04y precipitable 
by oxalates. 

127. Approximate separation of barium and strontium from calcium may be effected 
by ignition of their carbonates at a white heat for a few minutes, on platinum foil. Ba- 
rium and strontium become caustic sooner than calcium (81), and hence dissolve when 
the mass is treated with water. This operation is sometimes resorted to in obtaining 
spectra of barium and strontium, which are obscured by much calcium. 

SEPABATION OP MAGNESIUM PROM THE ALKALI METALS. 

128. By ignition on platinum foil, magnesium compounds do not vaporize, as do those 
of ammonium, nor melt, as do many compounds of fixed alkalies (36). Magnesium is the 
only one of these metals precipitated by ordinary salts — ^viz., by phosphates, carbonates 
and hydrates. 

129. The presence of magnesium slightly impairs the delicacy of the flame-test for 
the fixed alkali metals, and entirely prevents their recognition or separation by precipita- 
tions. Phosphate of ammonium will remove magnesium from solution ; but, after eva- 
porating the filtrate and igniting its residue, the phosphoric acid remains — combined with 
the fixed alkali metals, if they are present. > Thus : 

(NH4)3HP04 (excess of reagent), ignited = HPOa + 2NH8 + HaO, and 
2(NH4)9HP04 ' + .4X01, on ignition = K4P8O7 -f 4NH4OI -f HaO 

The residual phosphates of the alkali metals, when moistened with hydrochloric acid, give 
the fiame-tests, but the residue of phosphoric acid obstructs the analysis. The phos- 
phoric acid may be removed by acetate of lead, and the excess of lead by hydrosulphuric 
acid. 

130. A more convenient method of removing magnesium is to precipitate it with so- 
lution of barium hydrate, and filter, and remove the excess of barium hydrate from the 
filtrate by addition of sulphuric acid, filtering again. 



GBOITP m. 

131. The Metals of the Eartjis, and the more Electro-Positive of the 

Heavy Metals. 

Aluminium . , . . Al = 27.3 Al/' 
Chromium . . , 



(Or ^ 
Or = 52.4 \zi' . . , „ ^ vi^ 
( Chromic acid, H,Or^ 
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The Metals of the Third Group. 47 




Iron . Pe = 55.9p®" In ferrous compounds. 

* * (Pe/* " ferric ** 

'* manganous ** 
" manganic ** 
Manganese . . Mn = 54.8<JMii"^ " pyrolusites. 

Manganic acid, H^Mn^'O^ 
! Permanganic acid, H^Mn^Og or HMnO^ 

Cobalt . . Co=58 6i^^" In cobaltous compounds. 

* ( Co,^^ " cobaltio " 

Nickel . . . Ni = 58.6 Ni" 

Zinc . . . Zn = 64.9 Zn" 

Uranium Ur = 240.0 TJr"" and Urvi 

Indium In = 113.4 Ina^i and In"" 

Beryllium Be = 9.0 Be" 

Thorium Th = 231.5 Th"" 

Zirconium Zr = 90.0 Zr"" 

Cerium Oe = 141.3 , Oe"' and Oe"" 

Lanthanum La = 189.0 La"' 

Didymium D = 145.0 D"' 

Titanium Ti = 48.0 Ti", Tia^i, and Ti"" 

Tantalum Ta = 182.0 Ta^ 

Xiobium Nb = 94.0 Nbv 

Yttrium Y = 98.0 Y"' 

Erbium B = 169.0 B"' 

Vanadium V = 51.2 V"' and V^ 

132. The metals above named gradually oxidize at their surfaces in the 
air, and their oxides are not decomposed by heat alone. Zinc, iron, cobalt, 
nickel, and, with more difficulty, manganese, chromium, and most of the other 
metals of the group, are reduced from their oxides by ignition at white heat 
with charcoal. They are all reduced from oxides by the metals of the alkalies. 
Iron is gradually changed from ferrous to ferric combinations by contact with. 
the air. Chromium and manganese are oxidized from bases to acid radicals by 
ignition with an active supply of oxygen in presence of alkalies ; these acidi 
radicals acting as pretty strong oxidizing agents. 

133. The oxides and hydrates of third group metals are insoluble in water, 
hence they are precipitated from all their salts by alkalies. In the case of zinCy 
the precipitate redissolves in all the alkalies ; the aluminium hydrate redis- 
solves in the fixed alkalies, but very slightly in ammonium hydrate ; the preci- 
pitate 0^ chromium redissolves in cold solution of fixed alkalies, precipitating 
again on boiling ; the hydrates of cobalt and nickel dissolve in ammonium hy- 
<irate. The oxides of Al, Cr, and Pe, afler ignition, are difficultly soluble by 
acids. 
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48 The Metals of the Third Group. 

The presence of tartaric acid, citric acid, sugar y and some other organic 
substances, prevents the precipitation of bases of this group hy alkalies. 

134. Salts of ammonitim (as NH^Cl) dissolve moderate quantities of the 
hydrates of manganese, zinc, cobalt, nickel, and ferrous hydrate ; but, so far 
from .dissolving the hydrate of aluminium, they lessen its jslight solubility in 
ammonium hydrate. 

135. It thus appears that ammomuni hydrate, with ammonium chlo- 
ride, the latter necessary on account of magnesium, manganese, aluminium, 
will fully precipitate only aluminium, chromium, and ferricum of the impor- 
tant metals named in third group. In many plans of separation these three 
metals constitute a separate group, and we shall refer to them as Division First 
of the group. 

136. Ammonium sulphide precipitates all the metals of the third group 
from neutral or ammoniacal solutions, as follows ; The sulphides of the group 
— those of Fe, Mn, Co, Ni, andZn — are soluble in dilute acids, which acids 
keep them in solution during the second group precipitation ; but are insohilU 
in water, which enables them to be precipitated by alkaline sulphides, and 
separated from the fourth and fifth groups. The other two metals, Al and Cr, 
do not form sulphides, in the wet way, but are precipitated as hydrates by 
alkaline sulphides. 

187. Hydrosulphuric acid scarcely precipitates the metals of this group, 
unless it be from some of their acetates — owing to the solubility of the sul- 
phides in the acids, which would be set free in their formation. Thus, this 
change cannot occur — 

PeOla + HaS = Pes + 2H01 

— because the two products would decompose each other (19). Therefore, 
neutralized hydrosulphuric acid — a soluble sulphide — is employed for this 
group, and in a neutral or ammoniacal solution. As most of the chemically 
normal salts of heavy metals have an acid reaction to test-paper, we can only 
assure ourselves of the requisite neutrality by adding sufficient ammonium hy- 
drate, which itself precipitates the larger number of the bases, as we have just 
seen (133). But the resulting precipitate of hydrate, as Pe(OH)g, is immedi- 
ately changed to sulphide, FeS, by subsequent addition of ammonium sulphide ; 
as the student may observe, by the alteration in the color of the precipitate. 

Ferric and manganic salts are reduced to ferrous and manganous salts, by 
hydrosulphuric acid, in solution,, with a precipitation of sulphur, and the cor- 
responding reaction occurs with chromates (171 a, 214, 166 a)» 

138. Soluble carbonates precipitate all the metals of tliis group, in ac- 
cordance with the general statement for bases not alkali. With aluminium 
and chromium, the precipitates dissolve sparingly in excess of potassium or 
sodium carbonate ; with zinc, the precipitate dissolves in excess of ammonium 
carbonate. In the case of ferrous and manganous salts, the precipitates are 
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normal carbonates; with zinc, cobalt, and nickel salts, they are basic car- 
bonates ; while, with ferric, aluminic, and chromic salts, the precipitates are 
almost or quite wholly hydrates. Barium carbonate precipitates the pseudo- 
triads, which, in the cold and from salts not sulphates, is a separation from the 
other bases of this group. 

139. Soluble phosphates precipitate these as they do other non-alkali 
bases. The acid solutions of phosphates of the metals of the third group are 
precipitated by neutralization. The recently precipitated phosphates, of all the 
metals of this group which form sulphides, are transformed to sulphides by 
ammonium sulphide : 

FeHP04 + (NH4)aS = PeS + (NHOaHPO* 

Hence, the only phosphates which may occur in a sulphide precipitate are 
those of Al, Cr, Ba, Sr, Ca, and Mg. 

140. The metals of the third group are not easily reduced from their com- 
pounds to the metallic state by ignition before the blow-pipe, even on char- 
coal, except zinc, which then vaporizes. Three of them, however — iron, cobalt, 
and nickel — are reducible to magnetic oxides. The larger number of them 
give characteristic colors to beads of borax and of microcosmic salt, fused on 
a loop of platinum wire before the blow-pipe. None of them color the flame 
or give spectra^ unless vaporized by a higher temperature than that of Bunseu's 
burner. 

ALUMINIUM. 

141. A silver-white metal, somewhat harder than zinc, fusible at 10(P C. 
(1292° F.), non-volatile, and suiTering only superficial oxidation by ignition in 
the air. 

142. The metal is readily solnble in hydrochloric acid and in aqueous fixed 
alkalies, with evolution of hydrogen (compare 233 h), but it is not readily dis- 
solved by nitric acid, or dissolved by sulphuric acid, or by ammonium hydrate. 
The anhydrous aluminium oxide dissolves with difficulty in acids, unless pre- 
viously fused with alkalies or alkaline carbonates. Sulphuric acid dissolves 
aluminium from some native compounds. 

143. The chloride and bromide are deliquescent and instable. The iodide 
is known only in solution, the cyanide is not known, the acetate is deliquescent. 
Aluminium is the most representative constituent of that large class of iso., 
morphous double salts, called alums, permanent or slightly efflorescent, as ' 
KAl(SOj,.12 ay., orK,Al,(SOj,.24flrg. 

144. The oxide, hydrate, &nd phosphate, sltb the principal insoluble com- 
binations. The carbonate and sulphide are instable, and are not formed by 
ordinary operations. Most insoluble salts of aluminium are changed to soluble 
compounds by action of fixed alkali hydrates. In analysis, aluminium is ob- 
tained in the First Division of Group III, by precipitation, by excess of ammo- 
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50 ALU3riNIU3I. 

nium hydipate, with ammonium chloride (135) ; then separated from the other 
members of the First Division by solution with excess of potassium or sodium 
hydrate (145). Excess of fixed alkali hydrate in boiling solution leaves only 
aluminium and zinc, of the third group metals, dissolved, and it is separated 
from zinc, by non-precipitation with sulphides, and by precipitation with excess 
of ammonium hydrate. 

145. The alkali hydrates precipitate aluminium hydrate^ grayish-white, 
gelatinous, Al,(OH),, soluble infixed alkali hydrateSy slightly soluble in am- 
monjum hydrate, though not so if ammonium chloride be present (134) : 

AI3CI8 4- 6EOH = Ala(OH)« -f 6EC1 

Al2(OH)8 + 2KOH = KaAla04* + ^^^O 

This alkaline solution of aluminium differs from that of zinc, both in not 
being at all precipitated by boiling, and in being precipitated by excess of 
ammonium chloride, more readily when heated : 

KsAlaOi + 2NH4CI + 4H3O = Al3(OH)e + 2EC1 + 2NH4OH 
Sufficient ammonium chloride must be added, first to salify the free potas- 
sium or sodium hydrate. 

146. Hydrosulphurio acid does not precipitate aluminium from any 
combination ; but ammonium sulphide precipitates the aluminium hydrate, 
Al3(OH)j, with evolution of hydrosulphuric acid (136) : 

Al2(S04)8 + 3(NH4)aS + 6HaO = Ala(OH). + 3(NH4)aS04 -f 3HaS 

147. Alkali carbonates also precipitate the hydrate^ with evolution of car- 
bonic anhydride — the precipitate being sparingly soluble in excess of sodium 
or potassium carbonate, scarcely at all soluble in excess of ammonium car- 
bonate : 

Ala(S04)8 + 8KaCO, -h 8HaO = Ala(OH)e -f 3KaS04 -f 800, 

Barium carbonate, on digestion in the cold, precipitates the whole of alu- 
minium from its chloride, as hydrate mixed with a little basic salt (compare 
191). 

Basic acetate of aluminium is precipitated as follows : To the solution of 
aluminium salt add a little sodium or ammonium carbonate, as much as can 
be added without leaving a precipitate on stirring, then add excess of sodium 
or ammonium acetate, and boil for some time, when the precipitation at 
length becomes very nearly complete. 

148. Alkali phosphates precipitate aluminium phosphate, white, Al,- 
(POJ2, soluble in the fixed alkali hydrates, not in acetic acid. 

* Or Al30s(OK)9. A series of volametric detenninations, made by Mr. J. N. Ayres and the author 
(Jour. Am. Chem. Soc., Feb., 1880), give results according closely with this formula for potassium alu- 
minate, and I9'a9Al304 for sodium aluminate— as fixed by the constituents of the solutions when the preci- 
pitates are held dissolved by least excess of alkali. 
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Chromium^ as a Base. 61 

To separate Al from PO4, fuse the precipitate or powdered substance with 1% parts 
finely divided silica and 6 parts dried sodium carbonate in a platinum crucible, for half 
an hour. Digest the mass for some time in water ; add ammonium carbonate in excess, 
filter ^d wash. The residue consists of aluminium sodium silicate ; the solution con- 
tains the PO4, as sodium phosphate. The Al can be obtained from the residue by dis- 
solving it in hydrochloric acid, evaporating to dryness to render the silica insoluble. 
Treat with hydrochloric acid, and filter : the filtrate containing aluminium chloride. 

Also, Al (and ferricum) may be separated from PO4 by dissolving in hydrochloric 
acid, adding tartaric acid and then ammonia, and digesting some time with the mixture 
of magnesium sulphate, ammonium chloride, and ammonium hydrate. The filtrate 
contains most of the aluminium. 

149. Sodium thiosulphate precipitates, from aluminium salts, in neutral solutions, 
aluminium hydraie, with free sulphur, and liberation of sulphurous anhydride (a). The 
liquid should be dilute, and boiled till it no longer gives the odor of sulphur dioxide, 
This precipitation (Chancel's) is a separation from iron. See Table at 2425^. If phos- 
phates are present, apd sodium acetate with acetic acid to acidify slightly, the aluminium 
is precipitated as phosphate, 

a. Ala(S04)8 + SNaaSaOs + 3H2O = Ala(OH)6 + 38 + 3SOa + SNaaSO* 

Potassium ferrocyanide very slowly precipitates a white mixture of aluminium hy- 
drate and ferrous cyanide with formation of hydrocyanic acid. Ferricyanides do not pre- 
cipitate aluminium ; neither do oxalates. Solution of borax precipitates an acid alumi- 
nium borate, quickly changed to alumi7iium hydrate. In very concentrated solutions, 
addition of potassium sulphate causes the crystallization of alum, potassium aluminium 
sulphate, in regular octahedrons or cubes. 

160. Compounds of aluminium are not reduced to the metal, but most of 
them are reduced to the oxide, by ignition on charcoal. If now this residue is 
moistened with solution of cobaltous nitrate, and again strongly ignited, it 
assumes a blue color. This test is conclusive only with infusible compounds, 
and applicable only in absence of colored oxides. 

CHROMIUM, AS A BASE. 

161. Chromium, in the metallic state, is steel-gray, crystallizable, perma- 
nent in the air, and is very rare. Chromic oxide, Cr^O,, is a bright green 
powder, constituting a rare variety of " chrome green," the more common sorts 
being mixtures of chromate of lead (chrome yellow) and ferrocyanide of iron 
(prussian blue). It is with difficulty dissolved by hydrochloric and sulphuric 
acids. Chromic hydrate is easily dissolved by acids. In several respects 
the combinations of chromium are analogous to those of aluminium. 

162. There are two modifications of chromic salts, one having a green color 
and the other violet to red. There are many double salts. The chloride is 
deliquescent 

153. Chromic oxide, hydrate, sind phosphate, are insoluble in water. The 
carbonate and sulphide are not formed in the wet way. There are modifica- 
tions of the chloride and sulphate insoluble in water. In analysiiV ^^^o^i"'^ 
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52 Chromium, as a Base. 

is precipitated in the third group as a hydrate, and identified by the oxidation 
of this hydrate to a salt of chromic acid, known by its colored precipitates with 
lead and barium salts (159 d). It is separated in the First Division of the 
group (135 and 154). 

154. The fixed alkali hydrates, as KOH, precipitate the bluish-green 
chromic hydrate^ Cr^{01S.)^. Other hydrates are formed in certain conditions. 
The precipitate redissolves readily in excess of the alkalies while cold, the so- 
lution being green. 

Long boiling reprecipitates the whole of the chromium, as hydrate ; the 
same result is effected on heating by addition of ammonium chloride (compare 
145, last equation). 

Ammoniuiu hydrate precipitates chromic hydrate, which but slightly re- 
dissolves with excess of the alkali in the cold and all reprecipitates readily on 
heating. The precipitate from solutions of green chromic salts is grayish 
green, dissolving with acids to form a green solution again ; from solutions of 
violet chromic salts, the precipitate is grayish-blue, dissolving with acids to 
reproduce the violet solution. The tints are, however, modified by the degree 
of concentration of solution, and by other conditions. 

155. Hydrosulphuric acid does not aflect solutions of chromic salts, 
whether acid, neutral, or alkaline ; and ammoniuiu sulphide precipitates the 
hydrate, with evolution of hydrosulphuric acid. The equation corresponds to 
that for aluminium (146). 

Both hydrosulphuric acid and ammonium sulphide, acting on Chromic 
Acid or chromates, abstract oxygen, and form the chromic base. In the neu- 
tral solution for the third-group precipitation, this deoxidation leaves the chro- 
mium in the precipitate as a hydrate ; whence it is that the occurrence of chro- 
mium in the third group of bases, as frequently as otherwise, must be referred 
to the existence of combinations of chromiQ acid, in the material examined. 
(See 166 a.) 

156. Alkali carbonates precipitate chromium hydrate, nearly free from 
cai'bonate (138), somewhat soluble in excess of potassium or sodium carbonate : 

Or2(S04)8 + SKaOOs + SHaO = ' Ora(OH). -f- SKSd + SCOa 

Barium carbonate precipitates chromium from its solutions (better from the chloride), 
as a hydrate with some basio^salt, the precipitate being complete after long digestion in 
the cold. For removal of excess of reagent, consult 191. 

157. Soluble phosphates— as Na9HP04— precipitate chromic phosphate, Or^iPOi)^, 
insoluble in acetic acid. Cyanide of potassium precipitates the hydrate. Perrocy- 
anides, and oxalates, cause no precipitates. Potassium chromate colors an acid solu- 
tion of chromic salt brown-yellow ; on addition of ammonium hydrate, a precipitate of 
the same color is obtained, chromic chromate. 
./-^ 

158. Chromic oxide and chromic salts dissolve in beads of microoosmic 

salt, and of borax, before the blow-pipe, in both reducing and oxidizing flames, 
with a yellowish-green tint while hot, becoming emerald green when Cold. 
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a, Ora(OH)6 + 


GBr 


b. Ora(OH)o + 


4NaOH 


C. Ora(OH)e + 


2KOH 



Chbomic Acid. 63 

159. Chromic oxide and chromic salts are OXIDIZED TO CHROMIC 
ACID and chromates by various strong oxidizing agents : By treating with 
bromine, in alkaline solution, (a) ; by boiling with hypochlorites in alka- 
line solution, (b) ; by boiling with lead dioxide^ (c) ; by fusing with alkaline 
nitrate and carbonate [d)* Further, see 856. 

+ lONaOH = 2NaaOr04 + 6NaBr + 8HaO 
+ 3Na010 = 2NaaOr04 + SNaOl + 6HaO 
+ 3PbOa = 2PbOr04 + KaPbOa + 4HaO 

The yellow lead chromate is separated after neutralizing with acetic acid. 

d. OraOj + 2NaN03 + NaaOO, = SNaaOrO* + 2NO + OOa 

The fused mass, dissolved in water, filtered and neutralized with acetic acid, gives the 
evidences of chromates, as stated in 163, 164. 

CHBOMIC ACID. 

160. Chromic anhydride, CrO,, commonly called <* chromic acid," is a 
scarlet-red solid, usually in acicular crystals, very deliquescent in the air, and 
soluble in a small proportion of water. It is a very powerful oxidizing agent, 
acting explosively with combustible substances, and as a caustic to living'tis- 
sues. Its soluble salts are poisonous, and have a bitter metallic taste. 

161. The alkali metals form yellow normal chromates and reddish 
dichromates ; most other metals form normal chromates, yellow or red ; a 
few form only basic or instable chromates. Most soluble salts of chromic acid 
crystallize in permanent forms ; sodic normal chromate is efflorescent. 

162. All the chromates of the alkali metals, and those of magnesium, cal- 
cium, zinc, and copper, are soluble in water ; strontium and mercuric chro- 
mates, sparingly soluble ; barium, manganous, bismuth, mercurous, silver, and 
lead, chromates insoluble in water. Nitric acid transposes chromates. 

163. Itead salts precipitate, from normal and from superchromates, the 
yellow, lend chromate, PbCrO^, slowly soluble in nitric acid, not soluble in 
acetic acid, difficultly soluble in potassium hydrate. 

164. Barium salts precipitate from solutions of normal chromates, also 
from concentrated solutions of superchromates, the normal barium ckromatBy 
yellow, soluble in hydrochloric and nitric acids, slightly soluble in chromic 
acid (89). 

166. Silver salts u^ TTMilate silver chromate, AgiOrOt, dark red, soluble in nitric 
acid and in ammonia.XjIfScurous nitrate precipitates mercurous chromate, Hg80r04, 
dark red, decomposed by ignition into chromic oxide, oxygen, and vapor of mercury. 

166. Chromic anhydride and chromates are DEOXIDIZED TO CHROMIC com- 
pounds by various reducing agents. The following instances occur frequently in qualita- 
tive analysis : other examples are given, in the study of Chromate reductions, 857. 

Hydrosulphuric acid, in acid solutions, quickly causes reduction to a green chromic 
salt solution (a). At first the sulphur is all precipitated, white in the green liquid ; but on 
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warming, it slowly dissolves by oxidation to sulphurous acid, with precipitation of brown 
basic chromic chromate (&), the action being continued, with slow oxidation of the sul- 
phurous acid (c) [H. B. Pai'sons]. Ammonium sulphide, in solutions neutral or alkaline, 
precipitates chromic hydrate, green, with oxidation of the sulphide. The precipitate is 
liable to contain sulphur. In case of yellow or supersulphide of ammonium, it is stated 
that thiosulphate is obtained in the solution {d), 

a. 2HaOr04 + 6H01 + 3HaS = OraOle + 8S + 8HaO 
h. OHaOrO* + 3S = 20r90aOr04 + SHaSO. + 3HaO 

c. 2HaOr04 4- SHaSOs = Ora(S04)8 + 5HaO 

d. KaOraOr + (NH4)aSa + 4HaO = Ora(OH)e + KaSaO, + 2NH4OH 

167. By ignition on charcoal, the carbon deoxidizes chromic anhydride, free 
or combined, and a green rfiass, Cr^Oj, is left. Chromates give, in the beads, 
the results described for chromic base, in 158. 

IBON. 

168. Iron dissolves, in hydrochloric acid, and in dilute sulphuric acid, to 
ferrous salts, with liberation of hydrogen (a) ; in moderately dilute nitric acid, 
with heat, to ferric nitrate, liberating chiefly nitric oxide (b) ; in cold dilute 
nitric acid, forming ferrous nitrate with production of ammonium nitrate (c), 
of nitrous oxide (d), or of hydrogen (e) : 



a. Fe 


+ 


HaS04 = 


FeS04 


+ 


2H 






b. 2Fe 


+ 


8HNO9 = 


FeaCNOa). 


+ 


2NO 


+ 


4HaO 


c. 4Fe 


+ 


lOHNOa = 


4Fe(N08)a 


+ 


NH4NOS 


+ 


8HaO 


c?. 4Pe 


+ 


IOHNO3 = 


4Fe{N08)a 


+ 


NaO 


+ 


5HaO 


e. Fe 


+ 


2HNO. = 


Fe(NO,)a 


+ 


2H 







In dissolving the iron of commerce in hydrochloric acid, the carbon which 
it always contains, so far as combined in the carbide of iron, will pass off in 
gaseous hydrocarbons, and so far as uncombined will remain undissolved, as 
graphitoid carbon. 

169. Iron acts as a base in two kinds of salts : the ferrous and the ferric ; 
both are stable, in considerable variations of temperature, when undisturbed 
by other substances ; but the ferrous compounds are changed to ferric by con- 
tact with the air, and by oxidizing agents generally ; while the ferric com- 
pounds are permanent in the air, but are changed to ferrous combinations by 
reducing agents. In the systematic course of analysis, by the treatment neces- 
:sary in separation from other metals, the ferric cohip<funds are reduced to 
ferrous compounds, and then, by air and by reagents, partially or wholly 
•changed to ferric compounds again, and the original substance must always be 
tested for determination whether ferrous or ferric. The metal oxidizes in moist 
air to ferric oxyhydrate, Fe^03(0H)g. By ignition in the air, chiefly ferrous 
oxide is formed. Scale oxide is {TeO)^'Pefi^. By fusing^ferric oxide with 

Digitized by VjOOQ IC 



Iron. 65 

potassium nitrate, there is formed potassium ferrate, K^Pe^O^, soluble in 
water, instable, but capable of precipitating a permanent barium ferrate. 

170. FERROUS COMPOUNDS ARE OXIDIZED to ferric compounds 
by nearly all oxidizing agents, such as chlorine^ calcium hypochlorite, potas- 
sium chlorate with hydrochloric acid (a) ; bromine {h) ; nitric acid (814) ; 
silver nitrate (836) ; chromates (857) ; permanganates (199 ^) ; auric chlo- 
ride (475). Further, see 854. 



a. 2FeOl3 


+ 


201 


=z 


FeaOls 










6FeS04 


+ 


601 


= 


2Fe.(S04), 


+ 


FeaCla 






2FeS04 


+ 


2C1 


+ 


HaS04 


= 


Fea(S04)a 


+ 


2H01 


6. 2Fe01a 


+ 


2Br 


+ 


2HC1 


= 


FeaOle 


+ 


2HBr 



Ferrous salts, therefore, are reducing agents of considerable power. 

171. FERRIC COMPOUNDS ARE DEOXIDIZED by many reduc- 
ing agents — as hydrosulphuric acid (a) ; sulphurous acid (h) ; thiosulphates 
(c) ; stannous chloride {d) ; metallic zinc (e). The same occurs in precipita- 
tion by ammonium sulphide (187). Grape sugar effects the reduction on boil- 
ing for some minutes. For a study of the reduction of ferric compounds, see 
855. 



a. FoaCls 


+ 


HaS 


2Fe01, 


+ 


2HC1 


+ 


S 


h, FeaCls 


+ 


HaSO. + 


HaO 


= 


FeS04 


+ 


Fed, H- 4H01 


c. FesOls 


+ 


2NaaS903 = 


2Fe01a 


+ 


2NaCl 


+ 


Na2S40fl 


d, FesCls 


+ 


SnCla = 


2Fe01a 


4- 


SnOl4 






e. Fea(S04)8 


+ 


Zn = 


2FeS04 


+ 


ZnS04 







Ferric salts, then, act as oxidizing agents of moderate power. 

172. FERROUS salts, in crystals and in solution, have a light green color. 
The oxide is black ; the salts slightly redden litmus. The sulphate (7 aq,) is 
efflorescent ; the chloride, bromide, iodide, and citrate, are deliquescent; the 
hydrate, chlorate, and sulphite, are especially instable. 

173. The hydrate^ oxide, carhonatey sulphite, phosphate, borate, oxalate, 
cyanide, ferrocyanide, ferricyanide, tartrate, and tannate, are insoluble in 
water. In analysis, ferrous compounds are identified as ferrous, by their blue 
precipitate with ferricyanide (178) ; and, as iron, by the red solution which, 
after oxidation, they form with sulphocyanate. 

174. The alkali hydrates precipitate ferrous hydrate, Pe(OH)a, white 
if pure, but seldom obtained sufficiently free from ferric hydrate to be clear 
white, and quickly changing, in the air, to ferroso-ferric hydrate, of a dirty- 
green to black color, then to ferric hydrate (184), of a reddish- brown color. 
The fixed alkalies adhere to this precipitate. Ammonium chloride or sul- 
phate, to a slight extent, dissolves the ferrous hydrate or prevents its formation 
(compare 134). 
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175. The soluble carbonates precipitate, from purely ferrous solutions, 
ferrous carbonate, FeCO,, white if pure, but soon changing, in the air, to the 
reddish-brown ferric hydrate (184). 

176. Hydrosulphiirio acid does not disturb ferrous salts — the acetate 
being only slightly precipitated, as explained in 137. Ammoniniu sulphide 
precipitates yarrows 8ul2)Mde, FeS, black. The moist precipitate is slowl/ 
converted, in the air, to ferrous sulphate ; and afterward, to basic ferric 
sulphate, 'Fep{^0^^, 

177. Alkali phosphates — as Na,HPO^ — precipitate two-thirds metallic 
ferrous phosphate, FeHPO^, mixed with the full-metallic salt, Fe^(POXi 
white to bluish-white. By the addition of an alkali acetate, the precipitate is 
obtained of full-metallic phosphate exclusively : 

3FeS04 + 2Na2HP04 + 2Na03H809 = FesCPO*),. + SNaaSO* + 2HCaHsOs 

178. Cyanides — as KCy — give a yellowish-red precipitate, chiefly ferrous 
cyanide, soluble in excess of the reagent ; the solution constituting potassium 
ferrocyanide (compare 621). 

Ferrocyanides — as K^FeCy, — precipitate potassium-ferrous ferrocyanide, 
K^FeFeCy^ (Everitt's salt), bluish-white, insoluble in acids. This is converted 
to Prussian blue (189), gradually by exposure to the air, immediately by oxi- 
dizing agents : 

4KaFeFeOy« -f 20 -f 4H01 = Fe4(FeOyo), -f K4FeOye + 4K01 + 2HaO 

Ferricyanides — as EgFeCy^ — precipitate (even from dilute soiutions) fer- 
rous ferricyanide, Fe3(FeCyJ„ dark blue, insoluble in acids. Tliis important 
test reveals the presence of traces of ferrous salt, in ferric solutions. For 
this purpose, the solution must be dilute, as stated at 189, and the original solu- 
tion always employed, because the oxidation of iron is altered by chemical 
operations. 

Alkali hydrates decompose the precipitates above named : with potassium 
ferrous ferrocyanide, forming alkali ferrocyanide and ferrous hydrate* with 
ferrous ferricyanide, forming alkali ferricyanide and ferrous hydrate : 



KaFeFeCys 


•.+ 


2KOH 


= 


K^FeOya 


+ 


Fe{OH)a 


Fe,(FeOyo), 


+ 


6EOH 


= 


2K3FeOy, 


+ 


3Fo(OH)a 



Sulphocyanates give no reiaction with ferrous* salts. 

179. Oxalic acid and oxalates precipitate ferrous oxalate, FeC,0^, 
yellowish- white, crystalline, sparingly soluble in boiling water, decomposed by 
mineral acids not too dilute. 

180. Tannic acid, and tincture of galls, with concentrated solutions of 
purely ferrous salts, give a white gelatinous precipitate of ferrous tannate, 
which is quickly oxidized by exposure to the air to blue-black ferric tannate — 
long used for writing ink. 
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181. By ignition, and in beads before the oxidizing flame of the blow- 
pipe, ferrous compounds give the same reactions as ferric (192). 

182. FEBBIC salts form solutions having a brownish yellow color, and 
reddening litmus. Most soluble ferric salts are deliquescent. Ferric oxidCy 
in powder, is reddish brown; in native crystal, steel-afray. It is soluble in 
hydrochloric acid, not very readily, but much quicker than in other acids. 

183. The hydrate, oxalate, phosphatCy ferrocyanidey tannate, gallate, 
borate, and sulphite, are insoluble in water. The chloride is soluble in alcohol 
and in ether ; the sulphate is soluble in alcohol, a separation from ferrous 
sul[>hate. Ferric carbonate is not formed, and ferric sulphide is not formed in 
ordinary conditions of wet analysis. In analysis, ferric compounds are identi- 
fied by the red solution they form with sulphocyanate, and distinguished from 
ferrous forms by not causing a blue precipitate with ferricyanide (189). Fer- 
ricum is separated in the First Division of Group 111., with the other pseudo- 
triads (135). 

184. The alkali hydrates precipitate ferric hydrate, 'Fq^{013)^, variable 
to "EQfiJ^OH)^, reddish- brown, insoluble in alkalies or ammonium salts. Salts 
of fixed alkalies adhere to this precipitate with great tenacity. 

185. Alkali carbonates — as K^COg — also precipitate the hydrate, contain- 
ing traces of carbonate (compare 147). Regarding barium carbonate, see 191. 

FeaOlfl + 3K3CO3 + 3HaO = Fea(OH)e + 6K01 + SCO, 

186. Hydrosulphiiric acid does not precipitate iron from ferric solutions ; 
but reduces them to the ferrous combination, with precipitation of sulphur, as 
given in 171 a, 

187. Anunoniiun sulphide precipitates the ferrous sulphide with free 
sulphur, FeS with S, a reduction of the metal to the condition of a dyad. Hence, 
the ammonium sulphide precipitate contains iron in ferrous condition only. 

188. Phosphates — as NagHPO^ — fVQci^xtdXe ferric phosphate^'Fe^^BO^)^, 
scarcely at all soluble in acetic acid, but readily soluble in hydrochloric, nitric, 
and sulphuric acids. Hence, ferric salts which are not acetates, are precipitated 
by phosphoric acid with co-operation of alkali acetates (compare 177) : 

FeaOlfl + 2H8PO4 + CNaOaHsOa = Fe2(P04)a + 6Na01 + GHOaHsOa 

In this way, phosphoric acid is removed from alkaline earth bases — in solu- 
tions of alkaline earth phosphates, in hydrochloric or nitric acid. Regarding 
precipitation by Arseniates, see 392. 

189. Soluble cyanides — as KCy — precipitate, from ferric salts, the 
hydrate, with evolution of hydrocyanic acid (a), 

Perrocyanides — as K^PeCy^ — precipitate ferric ferrocyanide, Pe^(Pe 
Cyjj, Prussian blue, insoluble in acids, decomposed by alkalies {jb). Strong 
acids color the reagent blue, and render the test fallacious ; acetic acid is free 
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from this objection, and addition of potassium acetate enables the test to be 
made in acid solutions. By excess of the reagent, the precipitate is somewhat 
soluble to a blue liquid. 

Sulphocyanates— as KCyS— form, in solution, ferric sulphocya7iate, 
Pe (CyS)g, of a blood-red color so intense that this is an exceedingly delicate 
test for iron when in the ferric condition (c). 

The red salt is freely soluble in water, alcohol, and ether, and extracted by ether from 
aqueous solutions ; is decomposed by alkalies, but not by acids. Traces of ferric salts are 
revealed by adding the reagent, slightly over-saturating the mixture with ether j the ex- 
cess of which will rise to the surface, colored by any ferric sulphocyauate, concentrated 
from the mixture.* The color of the liquid is destroyed by mercuric chloride (d) ; also by 
phosphates, borates, acetates, oxalates, tartrates, racemates, malates, citrates, succinates, 
and the acids of these salts. Molybdenum dioxide, also nitric and chloric acids, give red 
color with the sulphocyanate, removed by heat (G48). To determine the condition of iron, 
the original solution only can be used { 



X^, Ferricyanides — as K^PeCy, — form no precipitate in ferric solutions, but 

give a green, or, in some proportions, brown color to the liquid (e), which 
should be diluted until transparent enough to reveal minute portions of blue 
precipitate if ferrous salt is present (178). The addition of staufio us chloride, 
SnCl,, or some other strong deoxidizing agent (171) to the mixture of ferri- 
■ cyanide, wherein no precipitate is found, constitutes a delicate test for ferric 
salts. 

Some of the above-named reactions of ferric salts with cyanogen compounds, 
are defined in the following equations : 

a. FeaCle + 6KOy + 6HaO = Fea(OH)e + 6HOy -f 6K01 

b. Fe4(FeOy(,)3 + 12KOH = 3K4FeOyB + 2Fea(OH)fl 
(Decomposition of K4FeCy6 by acids, see 627.) 

c. FeaOlo + 6KOyS = Fea(OyS)« + 6K01 (Consult 19.) 

d. Fe2(OyS)« + SHgOla = 3Hg(OyS)a + Fe^CU 

e. FeaOle + 2K3FeCye = 6K01 + Fea(FeOy6)8 

190. The acetates^as NaCj,H,0, — form, in the cold, a dull red liquid, 
ferric acetate, 'Fe^{C^'ELfi^)^, not decolorized by mercuric chloride. On boil- 
ing the solution, basic ferric acetate is precipitated, finally becoming hydrate. 
Sulphites give, likewise, a red solution of ferric sulphite, decomposed by 
boiling, f 

191. Tannic acid — and tincture of galls — precipitate terric salts blue- 
black, as ferric tannate, the basis of common ink. 



* Natanson. ZHtsch. analyt. Chem., iii. 870. 

t Meconic acid and Formic acid form red solutions with ferric salts Benzoic acid gives a flesh-colored 
precipitate ; salicylic acid a deep violet color ; phenol and creosote, each a blue color ; saligenin a blue 
color ; and various compounds of the '• aromatic group," hydroxyl substitutions in benzine derivatives, give 
blue to violet colors. Morphine, pseudomorphiue, and daphnin, give the blue color. 
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Ammoniom Suocinate precipitates reddish-brown ferric succinate. 
Bsurium. Caibonate precipitates ferric hydrate from the chloride even in the cold 
(leanng barium chloride in solution) : 

PeaCle r|- 3BaOO, + SHaO = Fea(CH)« + SEaOla + 800a 

The excess of the bai ium carbonate is filtered out with the ferric hydrate, and may be 
sepiratcd by addition of sulphuric acid, which changes it to insoluble barium sulphate. 
and leaves ferric sulphate in solution. If ferrous chloride were in the original solution, 
tlie barium chloride formed in the reaction may be separated from it, likewise, by addition 
of sulphuric acid. 

192. The larger number of iron salts are decomposed, as solids, by heat ; 
ferric chloride vaporizes, undecom posed, at a very little above 100° C. (212*^ F.) 
Ignition in the air changes ferrous compounds, and ignition on charcoal or by 
the reducing flame changes ferric compounds to the magnetic oxide, which is 
attracted to the magnet. 

In the outer flame, the borax bead, when moderately saturated with any 
compound of iron, acquires a reddish color while hot, fading and becoming 
light yellow when cold, or colorless, if feebly saturated. The same bead, held 
persistently in the reducing flame, becomes colorless unless strongly saturated, 
when it shows the pale green color of ferrous compounds. The reactions with 
microcosmic salt are less distinct, but similar. Cobalt, nickel, chromium, and 
copper conceal the reaction of iron in the bead. 

Ferric compounds, heated briefly in a blue borax bead holding a very little 
cupric oxide, leave the bead blue ; ferrous compounds so treated change the 
blue bead to red — the color of cuprous oxide. 



193. Becapitulation of Distinctions between Ferrio and Ferrous Com- 
pounds: 
Ferric compounds. 
(1) Ferricyanides. No. pre., green color, 189. 
Red sol. Fe,(CyS),. 
Blue pre. Fe^(FeCyj3. 
Effervescence (185). 
189. 



(2) Sulphocyanates. 

(3) Ferrocyanides. 

(4) Carbonates. 

(5) Cyanides. 

(6) Reducing Agents. 
Hydrosulph. acid. 



Ferrous compounds. 
Deep blue pre.Fe3(FeCyJ,. 
No change. 

Pale blue pre. K^FeFeCy,. 
No effervescence (1*75). 
178. 



171a. 



Sulphurous acid. 171 h. 
(7) Oxidizing Agents. 
Nitric acid. 
Bromine, . 
Chlorine water. 



(Deodorized and S. 

precipitated.) 
(Deodorized.) 



814 (Brown gas, by heat.) 
170 b. (Deodorized.) 
170 a. (Deodorized;) 
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MANGANESE. 

194. A grayish white, hard, brittle, feebly magnetic Metal, difficult of fusion and of 
reduction, quickly oxidizing in the air, and even decomposing water at ordinary tempera- 
tures to a slight extent. 

It accompanies iron in the mineral, vegetable, and animal kingdoms ; and artiJBciai 
compounds of manganese are seldom free from iron, owing to the difficulty of complete 
separation. 

196. Manganous Oxide, Mn'^O, represents the only base capable of forming stable 
salts of manganese. 

196. Manganic Oxide, Mn'^'a^^Os, represents a class of salts and compounds, all of 
which are reduced to mangcmous combination by boiling tvith hydrochloric CLcid, chlorine 
being evolved : 

MnaCls (in boiling solution) = 2MnCl3 -|- Ola 

For reactions of manganic compounds, see 213. 

197. Manganese Dioxide, Mn""02, constitutes the commercial source of manganese 
and an important oxidizing aggnt, as Pyrolusite. Salts of this type are Hot formed, and 
the action of hydrochloric acid with heat slowly dissolves (reduces) the dioxide to man- 
ganous chloride, with evolution of chlorine : 

MnOa + 4H01 = MnOla + Ola + 2HaO 

Free chlorine, bromine, and iodine are obtained in accordance with this reaction (or 
some modification of it), and immense quantities of native manganese dioxide are required 
for the liberation of these elements, in manufacturing operations. The production of 
chlorine is frequently effected by using sulphunc acid and common salt, instead of hydro- 
chloric acid : 

MnOa + 2Na01 + 2H2SO4 = MnS04 + Na3S04 + OI3 + 2HaO 

Oxygen also can be obtained from binoxide of manganese, by action of sulphuric acid: 

MnOa + HaS04 = MnS04 + HaO + O 
Further, regarding HLd!'" as an oxidizing agent, see 848. 

198. Manganic Acid is not known as such, but is represented in manganates 

(K2Mnvi04) ; those of the alkali metals being soluble in water, with gradual decompoai- 
iion into manganese dioxide and permanganates : 

8EaMn04 + 2HaO = 2EMn04 + MnOa + 4EOH 

Free alkali retards, and free acids and boiling promote this change Manganates have 
a green color, which turns to the red of permanganates during the decomposition inevita- 
ble in solution. 

199. Permanganic Acid is not in use as an acid, but is represented by the perman- 
ganates, as KaMnV'"a^^^08,* The permanganic acid radical is at once decomposed by ad- 
dition of strong acids to a solid permanganate, but in water solution this decomposition 



* In permanganates, manganese may be conBidered as an octad, in the componnds of which two of its 
atoms are held to each other by one bond of each ; the pair having twice seven bonds for other elements, 
and having always an even nnmber of atoms in correctly written formulae. But to avoid compleaty of ex- 
pression, in this work, permanganates will be written with an uneven number of al^pms in the molecule. 
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does not at once take place, except by contact with oxidizable substances. The oxidizing 
power of permanganates extends to a great number of substances, possesses different char- 
acteristics in acid and in alkaline solutions, acts in many cases so rapidly as to be vio- 
lently explosive, and is of such quantity that four parts of the absolute potassium salt 
furnish over one part of oxygen (equation a). 

For the study of Permanganates in oxidation, see 849. The reactions with ferrous 
salts (J), and with oxalic acid (c), are much used in volumetric analysis : 

a. 2EM11O4 + 3H,,S04 = 2MnS04 + K3SO4 + 50 + 3HaO 

h. 2KMn04 + lOFeOlj + 16H01 = 2MnOl2 -f- 2KC1 -+- SFeaOle -h 8HaO 
c. 2KMn04 + 5HaOa04 -h 6HC51 = 2Mn01a -f- 8HaO + lOOOa -h 2K01 

200. Permanganates are all soluble in water, silver permanganate being only spar- 
ingly soluble. The most of them are deliquescent. Their solutions have a deep red 
color. Slight deoxidation may give the green color of manganate. 

201. Manganese is reduced to the manganous condition, from all its other degrees of 
combination, by boiling with hydrochloric acid. In this, its only stable form, it is most 
perfectly identified as manganese, and the various reactions of (a) the manganous base 
in the wet way obtained — 202 and after. 

b. For reactions characteristic of the manganic base, see 213 and after. 

c. If the substance be a black powder, insoluble in water, but dissolving to manganous 
chloride in hydrochloric acid, with evolution of chlorine even in the cold (197), it is man- 
ganese dioxide. The proportion of absolute dioxide is determined from the amount of 
chlorine it is capable of setting free. 

d. If having a green color (198), and being soluble in water with decomposition, etc,, 
leaving manganous base, it is a manganate, representing manganic acid. 

e. If soluble in water to a red color, and, by deoxidation, losing color (and leaving 
manganous base), it is indicated as a permanganate (199), representing permanganic acid. 

202. MAWGANOTTS SALTS (195) are of rose color. The oxide is 
grayish-green. The chloride (4 aq,), bromide, iodide, and nitrate, are deliQ[ue8- 
cent ; the sulphate (7 aq.) is efflorescent. 

203. Manganous oxide, hydrate, sulphide, carbonate^ phosphate, oxalate, 
borate, and sulphite, are insoluble in water. The hydrate is insoluble in alka- 
lies, but soluble in solution of ammonium salts. 

In analysis, manganese is identified by the oxidation of manganous hydrate 
or oxide, to manganate (211) or permanganate (210), each recognized by its 
bright color. As to determination of the oxidation of manganese, see 201. 

204. The alkali hydrates precipitate, from soluble manganous salts, 
manganous hydrate, Mn(OH)3, white, soon turning brown in the air by oxi 
dation to manganic oxyhydrate, 'HLiLfi^(01S)^, 



::) 



The precipitate is insoluble in excess of alkali, but — before oxidation — ^is soluble in 
solution of ammonium salts, by formation of soluble double salts of ammonium and man- 
ganese — ammonio-manganous salts — (corresponding to those of ammonium and magne- 
sium ; compare 114). And hence, ammoninm hydrate precipitates but part of the man- 
ganese in solution, forming in the reaction a salt of ammonium, which holds the rest of 
the manganese from precipitation. 
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I 

The moffigamp hydrate is not only insoluble in ammonium salts but it is formed and 

' precipitated from the ammoniacal solution of manganous hydrate in salts of ammonium 
by action of the air. After standing, all the manganese is so precipitated, dark brown ; 
this precipitation by action of the air upon solution in ammonium salt being peculiar to 
manganese. As free ammonia facilitates the oxidation of metallic copper and of cobalt- 

; ous salts, it may here promote the oxidation of the manganous compounds ; also, it neu- 

\ tralizes the acid which would otherwise be set free. 



\ 



206. Hydrosulphuric acid precipitates manganous acetate but imper- 
fectly, and not in presence of acetic acid, and does not precipitate other salts, 
as manganous sulphide is soluble in very dilute acids, even acetic acid. Am- 
monium sulphide precipitates from neutral solutions, and forms from the 
recent hydrate of mixtures made alkaline, the flesh-colored manganous sul- 
phide, MnS. Acetic acid, acting on the precipitated sulphides, separates man- 
ganese from cobalt and nickel, and from the greater part of zinc. 

206. Alkali carbonates precipitate manganous carbonate^ MnCO,, white, 
oxidized by the atmosphere to the brown manganic hydrate (204), and, before 
oxidation, somewhat soluble in solution of ammonium chloride. 

207. Alkali phosphates— as Na^HPO^ — ^precipitate, from neutral solu- 
tions of manganous salts, normal manganous phospJiatey Mn3(PO^),, white, 
slightly soluble in water, and soluble in dilute acids. It turns brown in the 
air. 

The manganous hydrogen phosphate — MnHP04— is more soluble in water, and is 
obtained by crystallization from a mixture of manganous sulphate acidulated with acetic 
acid, and disodium hydrogen phosphate, NaaHP04, added till a precipitate begins to 
form. From the ammonio-manganese solution (204), phosphates precipitate all the man- 
ganese as ammonium-manganoua phosphate. 

208. Alkaline oxalates precipitate wa/i^awows oxalate, soluble in acids not very dilute, 
and formed with difficulty by addition of oxalic acid. 

209. Soluble cyanides — as KCy — precipitate mam^gamma cya/rhide, MnCys) white, 
but darkening in the air, soluble in excess of the precipitant by formation of double 
cyanides — as (KCy)3MnCy3. This solution, exposed to the air, produces mxmganrhi" 
cyanides — analogous to ferricyanides— with oxidation of a portion of the manganese : 

6(KOy)aMnOya + O, -f HaO = 4K,MnOy(, + MnaOa(OH)a 

Ferrocyanides precipitate white mangam)U8 ferrocycmide, MnaFeCye, soluble in 
hydrochloric acid. Ferricyanides precipitate brown mxmga/nous ferricyamde^ Mus- 
(FeOy6)a, insoluble in acids. 

210. Manganese is most easily and certainly identified through oxidation, 
by several methods, each method giving a color-product, 

A small portion of manganous solution, when boiled with nitric acid and 
lead dioxide, is oxidized to permanganic acid, HMnO^, giving a red color to 
the solution when the sediment subsides. The oxidation is derived from the 
lead dioxide, reduced to lead nitrate. If other reducing agents are present, 
they also must be oxidized. The lead dioxide should be used in such excess as 
to l^ave a black sediment. 
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211* Ignition with alkali and oxidizing agents, forming a Iright green ' 
mass of alkaline fnanganate, constitutes a delicate and convenient test for man- 
ganese, in any combination. A small portion of precipitate or fine powder is 
taken. If the manganese forms but a small part of a mixture to be tested, it is ' 
better to submit the substance to the systematic course of analysis, and apply , 
this test to the precipitate by alkali, in the third group. A convenient form of j 
the test is by ignition on platinum foil with potassium or sodium nitrate ^ 
and sodium carbonate (a). Ignition, by an oxidizing flame, on platinum foil, 
with potassium hydrate, effects the same result, less quickly and perfectly (^). 
Ignition by the oxidizing flame of the blow^pipe, in a bead of sodium ear- 
bonate, on the loop of platinum wire, also gives the green color (c). 

a. 3Mn(OH)3 + 4KNO3 + NaaOO. = 

2KaMn04 + NaaMnO* + 4NO + CO3 + SHaO 

ft. Mn(OH)a + 2KOH + 20 = KaMn04 + 2H2O 

c. Mix(OH)a + NaaOOa + 20 = NaaMnO* + HaO + OO2 

212. With beads of borax and microoosmic salt, before the outer \ 
blow-pipe flame, manganese colors the bead violet while hot, and amethyst-red \ 
when cold. The color is due to the formation of manganic oxide, the coloring J 
material of the amethyst and other minerals, and is slowly destroyed by / 
application of the inner flame, which reduces the manganic to manganous oxide./ 

213. MANGANIC SALTS (196) are somewhat instable compounds, of a reddish- 
brown or purple-red color, becoming paler and of lighter tint in reduction to the man- 
ganous combination. The chloride and sulphate are deliquescent. Manganic chloride, 
Mn^Cle, exists only in solution, which is reduced to MnCla by boiling, also by evapora- 
tion to a solid. Manganic sulphate — Mn2(S04)s — is soluble in dilute sulphuric acid, but 
is reduced to MnS04 by the attempt to dissolve it in water alone ; potassium manganic 
sulphate and other manganic alums are also decomposed by water. 

214. Hydrcsulphuric acid reduces manganic salts to the manganous combination, 
with precipitation of sulphur. Ammonium sulphide reduces manganic chloride, and 
precipitates manganmis mJpkide—MnS — with free sulphur. Alkali hydrates, carbo- 
nates, and barium carbonate, all precipitate from solution of manganic chloride, man- 
ganic hydrate, MnaOaCOH)^. Ferrocyanides precipitate gray-green onanga/nic ferro- 
cyanide, Mn4(FeCy8)8. Ferricyanides precipitate manganic ferricyanide—MnPeGyt 
— brown. When a manganic compound is mixed with aqueous phosphoric acid, the 
solution evaporated to dryness and gently ignited, a violet or deep blue mass is obtained, 
from which water dissolves a purple-red manganic hydrogen phosphate, a distinction from 
manganous compiounds. Simple ignition changes manganic compounds to Mn804. In 
the tests in the dry way, manganic compounds give the same reactions as manganous 
oxide (211). 

COBALT. 

216. Somewhat easier of reduction from oxides, and more fusible, than iron. The 
metal decomposes water at a red heat, but is permanent in the air at ordinary tempera- 
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tures. It is slowly dissolved by hydrochloric and sulphuric acids, with evolution of hy- 
drogen — more promptly by nitric acid ; in each case forming cobaltous salt. 
^ 216. Cobalt forms two well-marked oxides (131), both of which represent bases in cor- 
responding classes of salts : cobaltous salts, being stable compounds, permanent in the 
air, not easily affected by oxidizing agents ; oobaltic salts, very instable compounds, not 
permanent in solution, and easily reduced by heat alone to cobaltous combination. 
Therefore, as regards the relative stability of its two classes of compounds, cobalt, like 
manganese, is the reverse of iron. The most permanent cobadtic compound is the oxide ; 

/ but both cobaltous and cobaltic oxides are changed, by ignition in the air, to cobaltoso- 

/ cobaltic or black oxide, C03O4. 

^"^ — 217. Cobaltous oxide is gray-green, the hydrate is rose-red ; they are easily soluble in 
acids forming OOBAIiTOUS SAIjTS, which exhibit bright colors, varied by different 
physical states, and by different chemical combinations. In crystals, they are red ;• an- 
hydrous, mostly lilac. Their solutigns are mostly blue when concentrated, but pink 
when diluted. At a certain stage of dilution, these solutions are red when cold, and blue 
when hot. The pink dilute solution of the chloride spreads colorless on white paper when 
cold, becomes blue on heating, and colorless when cold again^ used as " sympathetic inkm 
Cobaltous oxide dissolves in melted glass, coloring it blue — used to cut off the light of 
yellow flames (44) ; also, with the same color, in fused borax — the most delicate test for 
cobalt (224), and in other vitreous substances. The black, cobaltoso-cobaltic oxide, 
Cos04 — as left by ignition of cobaltous oxide or nitrate — combines or mixes, by ignition, 
with zinc oxide from zinc compounds to form a green mass, with aluminium compounds 
to a blue, and with magnesium compounds to a pink mass (blow-pipe tests for these metals, 
119, 150, 240). Cobalt forms many double salts, and compounds with alkalies, noted for 
their various bright colors. 

Cobaltous nitrate and acetate are deliquescent ; chloride, hygroscopic ; sulphate 
(7 aq.)i efflorescent. The chloride vaporizes, undecomposed, at a high temperature. 

218. The hydrate, basic carbonate, sulphide, phosphate, borate, oxalate, cyanide, 
ferrocyanide, and ferricyanide, are insoluble in water ; the potassio-cobaltous oxide is 
insoluble ; the ammonio-cobaltous oxide, soluble ; the double cyanides of cobalt and the 
alkali metals are soluble in water. Alcohol dissolves the chloride and nitrate ; ether dis- 
solves the chloride, sparingly. Most of the salts insoluble in water form soluble com- 
pounds with ammonia. In analysis, cobalt is pretty clearly identified in the dry way, by 
the bead test (224). It is easily separated (221 and 244) ; except from nickel (223). 

219. The fixed alkalies precipitate, from solutions of cobaltous salts, blue basic salts j 
which absorb oxygen from the air and turn olive-green, as cobaltoso-cobaltic hydrate, or if 
boiled before oxidation in the air, become rose-red, as cohaltons hydrate, Oo(OH)a. This 
last result is favored by excess of the reagent, which does not redissolve the precipitate. 
But ammonia and ammonium salts dissolve the precipitate. 

Ammonium hydrate causes the same precipitate as fixed alkalies; incomplete, even at 
first, because of its solubility in the ammonium salt formed in the reaction, and soluble in 
excess of the ammonia to a solution which turns brown in the air by combination with 
oxygen, and is not precipitated by potassium hydrate. The reactiog of the precipitate 
with ammonium salts forms a soluble double chloride (as with magnesium) ; the reaction 
of the precipitate with ammonia produces, in different conditions, different soluble color 
compounds, ammonio-cobaltous and ammonio-cobaltic, as (NHs)40oCla, (NHs)80oCls) 
(NH8)80oaOl6, etc. 

220. Alkali carbonates precipitate cdbaltcnis basic-carbonate, peach-red, which when 
boiled loses carbonic anhydride and acquires a violet, or, if the reagent be in excess, a blue 
color. The precipitate is soluble in ammonium carbonate (or in excess of that precipitant), 
and very slightly soluble in fixed alkali carbonates. 
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Barium carbonate does not precipitate cobaltous salts in the cold (except the sul- 
phate), but by prolonged boiling does precipitate cobaltous chloride completely. 

221. Hydrosulphuric acid, with normal cobaltous salts, gradually and imperfectly 
precipitates the black cohcdt sulpMde, OoS; from cobalt acetate, the precipitation is more 
prompt, and is complete ; but in presence of mineral acids, as in the second-group preci- 
pitation, no precipitate is made. When formed, the precipitate is scarcely at all soluble in 
dilute hydrochloric acid or in acetic acid ; slowly soluble in moderately concentrated hy- 
drochloric acid, as in dissolving the third-group precipitate ; readily soluble in nitric, and 
most easily in nitro-hydrochloric acids. By exposure to the air, the recent cobaltous sul- 
phide is gradually or slowly oxidized to cobalt sulphate, soluble, as occurs with iron 
sulphide, 176. Ammonium sulphide precipitates immediately and perfectly the black 
OoS, described above. 

' 222. PhosphateB-*as Na3HP04 — ^precipitate the reddish cobaltous phosphate^ 
O0HPO4, soluble in acids and in ammonia. Oxalic acid and oxalates precipitate the 
reddish white, cobaltous ooMlate, OoCa04, soluble in mineral acids and in ammonia. 

223. Alkali cyanides— as KOy— precipitate the brownish-white cobaltous cya/nide, 
•OoOya, soluble in hydrochloric, not in acetic or in hydrocyanic acid, soluble in excess of 

the reagent, as double cyanides of cobalt and alkali metals — (KOy)aOoOya — potassium 
cobaltous cyanide, etc., the solution having a brown color : 

OoOla + SKOy = OoOy, + 2K01 
OoOya + 2KOy = (KOy)aOoOya 

Dilute acids, without digestion, reprecipitate cobaltous cyanide from this solution (the 
same as with nickel, 229) : 

(KOy)aOoOya + 2H01 = OoOy, + 2HCy + 2K01 

But if the solution, with excess of the alkali cyanide and with a drop or two of hydro- 
chloric acid, ensuring free HCy, be now digested hot for some time, the cobaltous cyanide 
is oxidized and converted into alkali cobalticyanide — ^as KaCoCya — corresponding to f erri- 
cyanides, but having no corresponding nickel compound : 

20oCya + 2HOy + O = CoaCy« (cobaltic cyanide) + HaO 
CoaCys + 6KOy = 2K80oCy6, potassium cobalticyanide. 

' ' In the latter solution acids cause no precipitate (compare 229) — {importa/nt distinction 
from nickely whose solution remains (KOy)aNiOya, and after digestion as above is preci- 
pitated with acids). 

Sulphocyanate, in highly concentrated solution, gives a blue color, Oo(OyS)a, crys- 
taUizable in blue needles, soluble in alcohol, not in carbon disulphide. In less concen- 
trated solutions, the color appears on warming. In neutral solutions, nickel, iron, man- 
ganese, and zinc, do not interfere (Schoenn, 1870). 

Ferrooyanides — as K4FeOy6— precipitate cobaltous ferrocyanide, OoaFeCy«, gray- 
green, insoluble in acids. Ferricyanides— as KsFeOya— precipitate cobaltous ferri- 
cyanide, Oo8(FeOye)a, brownish-red, insoluble in acids. But a more distinctive test is 
made by adding ammonium chloride and hydrate, with the ferricyanide, when a blood- 
red color is obtained, in evidence of cobalt. If, in this test, manganese be present, a white 
precipitate is obtained at once, becoming brown with more ferricyanide ; if nickel be 
present, a copper-red precipitate forms on boiling ; zinc gives no precipitate, hot or cold, 
but on addition of ferrocyanide to the same solution, gives a white precipitate (Allen, 
1871). 

224. In the bead of boraa^ and in that of microcosmic salt, with oxidizing and with 
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reducing flames, cobalt gives an intense blue color. The blue bead of copper changes to 
brown in the reducing flame. If strongly saturated, the bead may appear black from 
intensity of color, but will give a blue powder. This important test is most delicate with 
the borax bead (217). If sulphur or arsenic is present, it must be previously expelled 
by roasting. If manganese, copper, nickel, or iron is present, the continued application 
of the reducing flame will destroy the interfering color, and bring out the blue of cobalt. 

By ignition, with sodium carbonate on charcoal or with the reducing flame, compounds 
of cobalt are reduced to a magnetic mass. 

226. Cobaltous compounds are oxidized to cobaltic combinations, in the following 
tests, all of which distinguish cobalt from nickel, which is scarcely capable of higher 
oxidation. 

Potassium nitrite, ENOa, added to a somewhat concentrated solution of cobaltous 
salt, with addition of sufficient acetic acid, after warm digestion, on standing some time, 
better for twenty-four hours, causes a yellow crystalline precipitate of potassium cobaltic 
nitrite (a separation from nickel) : 

2CoCla + I2KNO9 + SHCaHsOa + HaO = 

(KNOa)«, 003O(N0a)4, (HaO)a + 4K01 + 2ECaHsOa + 2NO 

Chlorine gas, passed into dilute cobaltous solutions, changes them to cobaltic com- 
binations, which are then precipitated by digestion with barium carbonate in the cold 
(compare 220). Lead dioxide, with warm digestion, precipitates from neutral solutions 
all the cobalt, as cobaltic oxy-hydraie, 

NICKEL. 

226. In the properties of nearly all its compounds, this metal closely resembles cobalt ; 
so that its analysis requires a constant comparison between the reactions of the two 
metals ; and although it is not difficult to identify the one in the presence of the other, 
their exact separation is laborious. 

The metal is reduced from its oxide, and is oxidized by ignition in the air, about as 
readily as iron, but at ordinary temperatures is less easily oxidized in the air, having a 
silver-white, brilliant lustre, and is a little more fusible than iron. In reduction with 
carbon, it forms a carbide, like iron. It is slowly dissolved by dilute hydrochloric or sul- 
phuric acid with evolution of hydrogen, and readily by nitric acid or chlorine water. 

Nickel forms two oxides — protoxide, or nickelous oxide, Ni"0, gray-green, represent- 
ing the salts of nickel, and nickelic oxide, Nia^^Os, not salifiable. Both oxides readily 
dissolve in acids, as nickelous salts. 

227. The salts of nickel have a delicate green color in crystals and in solution ; when 
anhydrous, they are yellow. The nitrate and chloride are deliquescent or efflorescent, 
according to the hygrometric state of the atmosphere ; the acetate is efflorescent. The 
chloride vaporizes at high temperatures. 

The hydrate, carbonate, sulphide, phosphate, borate, oxalate, cyanide, ferrocyanide, 
ferricyanide, insoluble in water. The compounds of the oxide with potassium oxide and 
sodium oxide are insoluble ; that with ammonia is soluble ; and the double cyanides of 
nickel and alkali metals are soluble in water. The chloride is soluble in alcohol, and the 
nitrate in dilute alcohol. Most salts of nickel form soluble compounds by action of am- 
monium hydrate. In analysis nickel is separated, with cobalt, by the sparing solubility 
of the sulphide in dilute acids. Its separation from cobalt is more difficult (229). In 
absence of cobalt, it is easily identified in the bead (231). 

228. The fixed alkali hydrates precipitate nickel hydrate, Ni(OH)a, pale green, 
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insoluble in excess of the reagent and not oxidizable in the air, but soluble in ammonium 
hydrate or ammonium salts to a greenish blue liquid (133). 

Ammonium hydrate, also, precipitates nickel hydrate, soluble in excess, and in am- 
monium salts, with formation of compounds similar to those of cobalt (219), giving a 
violet blue color to the solution. Sufficient potassium or sodium hydrate will slowly 
reprecipitate nickel hydrate from its ammoniacal solution, a distinction from cobalt. 
In dilute ammoniacal solutions, the blue color appears only after exposure to the air. 

The alkaline oarbonates precipitate basic carbonate of variable composition, greeh 
color, and soluble in ammonium carbonate, or excess of that precipitant — with blue or 
greenish-blue color. 

With hydrosulphurio acid, and with sulphide of ammonium, nickel has the same 
deportment as cobalt (221) : the precipitate being nickel sulphide, slightly soluble in 
excess of ammonium sulphide. Phosphates— as NaaHP04 — throw down nickel phos- 
phate, greenish-white, mostly full metallic. 

229. Alkali cyanides — as ECy — precipitate nickel cyanide, NiOya, yellowish-green, 
insoluble in hydrocyanic acid, and in cold dilute hydrochloric acid ; dissolving in excess of 
the cyanide, by formation of soluble double cyanides— as potjissium-nickel cyanide, (KOy)a- 
NiOya. The equation of the change corresponds exactly to that for cobcUt (223) ; and 
the solution of double cyanide is reprecipitated as NiCya by a careful addition of aoids 
(like cobalt) ; but hot digestion, with the liberated hydrocyanic acid, forms no compound 
corresponding to cobalticyanides, and does not prevent precipitation by acids (unlike 
cobalt). It will be observed, that excess of hydrochloric or sulphuric acid will dissolve 
the precipitate of NiCya. Ferrocyanides — as E4FeCy8 — precipitate a greenish-white 
nickel ferrocyanide, NiaFeCyo, insoluble in acids, soluble in ammonium hydrate, decom- 
posed by iixed alkalies. Ferricyanides precipitate greenish-yellow nickel femcyanide. 

For the test by ferricyanide, with ammonium chloride and hydrate, in distinction from 
cobcUt, see 223. 

Oxalic acid and oxalates precipitate, very slowly, but almost completely, after twenty- 
four hours, nickel oxcUcUe, green. 

230. Chlorine, or hypochlorite, in neutral solution or, better, with fixed alkali hy- 
drate, forms a black precipitate of nickelic hydrate, Nia(OH)e, reduced by heat or by 
solution in acids or in ammonium hydrate. The separation of nickel from cobalt (225), 
by this test, is more accurate if potassium cyanide in excess be added previously to the 
chlorine or hypochlorite. Nitrites, with acetic acid, do not oxidize nickel as they do 
cobalt. 

231. Nickel compounds dissolve clear in the borax bead, giving with the oxidizing 
flame a purple -red or violet color while hot, becoming yellowish-brown when cold ; with 
the reducing fiame, fading to a turbid gray, from reduced metallic nickel, and finally 
becoming colorless. The addition of any potassium salt, as potassium nitrate, causes the 
borax bead to take a dark purple or blue color, clearest in the oxidizing fiame. With 
microcosmic salt, nickel gives a reddish-brown bead, cooling to a pale reddish-yellow, 
the colors being alike in both flames. Hence, with this reagent, in the reducing flame, 
the color of nickel may be recognized in presence of iron and ma/nganese, which are color- 
less in the reducing flame ; but cobalt effectually obscures the bead-test for nickel. The 
yellow-red of copper in the reducing flame, persisting in beads of microcosmic salt, also 
masks the bead-test for nickel. 

By ignition with soda on charcoal, compounds of nickel are reduced to a powder at- 
tracted by the magnet. 
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ZINC. 



232. In general properties, zinc resembles magnesium and cadmium, all of 
which are volatile at about a red heat, their vapors oxidizing in the air, while 
their oxides are non-volatile. Zinc melts at 41P C. (773° F.) 
I 233. Pure zinc dissolves very slowly in acids or alkalies, unless in con- 
tact with copper, platinum, or some less positive metal. The metallic impuri- 
ties in ordinary zinc enable it to dissolve easily with acids or alkali hydrates. 
In contact with iron, it is quite rapidly oxidized in water containing air, but 
not dissolved by water, unless by aid of certain salts. All the agents which 
dissolve the metal, dissolve also its oxide and hydrate. 

The metal dissolves in hydrochloric, sulphuric, and acetic acids (o), and in 
the aqueous alkalies (J) — ^with evolution of hydrogen ; in very dilute nitric 
acid, without evolution of gas (c) ; in moderately dilute cold nitric acid, mostly 
with evolution of*nitrous oxide (t?) ; and, in somewhat less dilute nitric acid, 
chiefly with evolution of nitric oxide (e). Concentrated nitric acid dissolves 
zinp but slightly — the nitrate being very sparingly soluble in nitric acid : 



a. 


Zn 


+ 


H,S04 = 


ZnS04 


+ 


2H 






I. 


Zn 


+ 


2KOH = 


K,OZnO 


+ 


2H 






e. 


4Zn 
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lOHNOa = 


4Zn(NO,), 


+ 


NH4NO, 


+ 


8H,0 


d. 


4Zn 


+ 


lOHNOs = 


4Zn(NOs)a 


+ 


NaO 


+ 


5HaO 


e. 


3Zn 


+ 


8HN08 = 


3Zn(NOs), 


+ 


2NO 


+ 


4HaO 



234. The chloride, bromide, iodide, chlorate, nitrate (6 og.), and acetate 
(7 aq,) are deliquescent ; the sulphate (7 aq,) is efflorescent. 

The oxide, hydrate, sulphide, basic carbonate, phosphate, arseniate, oxalate, 
and ferrocyanide, are insoluble in water; the sulphite is sparingly soluble. 
Most salts of zinc, insoluble in water, form soluble compounds by action of any 
of the alkali hydrates. 

Zinc is separated from the metals of the third group, except from aluirii- 
nium, by non-precipitation with excess of fixed alkali hydrate in boiling solu- 
tion ; from aluminium, by precipitation as sulphide in alkali solution, and by 
non-precipitation with excess of ammonium hydrate (235). 

235. The alkali hydrates all precipitate the hydrate of zinc, Zn(OH)j> 
white, soluble in excess of either precipitant, with formation of potassium or 
sodium zinc oxide, or zincate, K,ZnO,, or Zn(OK)3 : 

ZnOl, + 2KOH = Zn(OH)s + 2K01 

Zn(OH)3 + 2EOH = K,ZnO, 
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On ioiling the alkaline solution s, if dilute, a precipitate of zino oxide sepa- 
rates, more readily from the amnionic than from potassic or sodio solutions. 
In the presence of iroriy or manganese, the zinc hydrate does not so readily 
dissolve in the alkali precipitant, which in these cases needs to be very strong, 
at the time of precipitation.* Hydrate of zinc is somewhat soluble in ammo- 
nium chloride, as stated in 134. 

236. Hydrosiilphuric acid precipitates a part of the zinc from neutral 
solutions of its salts with mineral acids, and the whole from the acetate ; also 
from other salts of zinc, if with addition of alkali acetates (separation from 
manganese) : 

ZnCl, + ^EC^HsOt + H,S = ZnS + ^Cn + 2H03HsOt 

That is : Zinc sulphide is not soluble in moderately dilute acetic acid, 
though much more soluble in mineral acids. The precipitate is white when 
pure. 

237. Alkali sulphides — as (NHJ,S— completely precipitate zinc as sulr 
phide, both from its salts with acids and from its soluble combinations with 
alkalies. 

238. Alkali carbonates— as K^CO, — precipitate basic carbonate, white, 
Zn^(0'H)^{CO^)^ sparingly soluble in ammonium carbonate, readily in ammo- 
nium hydrate. 

239 Alkaline cyanides — as KCy — precipitate zinc cyanide, ZnCy,, white, 
soluble in excess of the precipitant. Alkaline ferrooyanides — as K^FeCy, — 
precipitate zinc ferrocyanide, Zn^PeCyg, white. Alkaline ferricyanides — as 
KjPeCy^ — precipitate zinc ferricyanide, Zn3(PeCy,),, yellowish. 



* The Bolntion of the zinc hydrate precipitate, by addition of excess of alkalies, is greatly affected by 
conditions of temperature and dilation. At 16° to 17° C, one c.c. of Normal standard solution of zinc sul- 
phate requires, to redissolve the precipitate, eight c.c. of Normal standard solution of potassium hydrate. 
Bnt now, just one-half of the alkali can be taken up, by adding four c.c. of half -Normal solution of sulphuric 
acid, before the precipitate reappears. That is, four molecules of the alkali hydrate form and dissolve (or 
hold in a solution already made) the precipitate of one molecule of the zinc salt— supporting the equations 
in the text. But, if the equation is to represent the proportion of alkali necessary to add in order to make 
and dissolve the precipitate, at first, it must show eight molecules of alkali hydrate to one zinc salt, thus : 

ZnS04 -f 8K0H = Zn(0E)a.4K0H + K,S04 + SHsO 

The addition of water, at a certain point, precipitates the alkali solution after it is made. Heat does the 
same, as stated in the text. At 50° C, about three times as much of the alkali solution is required to dis- 
solve the precipitate, as at 17° C. The addition of an alkali solution so dilute as the tenth-Normal, in case 
of potassinra hydrate, does not effect full solution of the precipitate, however much is added. Sodium hy- 
drate solution is not required in quite so large excess to redissolve the precipitate— seven molecules being 
needed, in Normal solutions, instead of eight, as for potassium hydrate But the same proportion of four 
molecules is needed to hold the solution, after taking up excess by adding acid. In the case of ammonium 
hydrate, 6.6 c:c. of Normal standard solution were found to be required to form and dissolve the precipitate 
from 1 c.c. of Normal solution of zinc salt. Then 1.6 c.c. of the alkali could be taken up by acid, before 
reprecipitation. Apparently, then, five molecules of ammonium hydrate are required for soluble combina- 
tion with one molecule of zinc salt. [See a report on Zinc and Alkali solutions, by the author and F. L. 
Wilson, Jour. Am. Chem. Soc., Feb., 1880, U. 29.] /^ ^^^T^ 
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240. With sodium carbonate, on charooaVbeforejthe blow-pipe, compounds 
of zinc are reduced to the metallic^ate. ^^TWiemetal is vaporized, and then 
oxidized in the air, and deposited as a non- volatile coating, yellow when hot and 
white when cold (compare 140). If this coating, or zinc oxide otherwise pre. 
pared, be moistened with solution pf cobalt nitrate and again ignited, it 
assumes a green color. 

With borax or microcosmic salt, zinc compounds give a bead which, if 
strongly saturated, is yellowish when hot, and opaque white when cold. 
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SEPARATION OF THE THIRD GROUP METALS. 

243. The reactions of the seven important metals of the third group, as ob- 
ained with the compounds of each alone, include a sufficient number of distinct 
lifferences to construct several easy methods of complete separation. But it 
s more difficult to separate them when together than to distinguish them when 
ipart, owing to the fact that the reactions of several of them are modified by 
ho presence or action of others. In some of these cases, the interference is pro- 
iably due to simple adhesion between the bases ; in others, to chemical action 
)f one base with another. 

The division of the third group, by action of aminonium chloride, which 
iissolves manganous hydrate, and excess of ammonium hydrate, which dis- 
solves cobalt, nickel and zinc hydrates, is indicated in the Table of Comparison 
[241), and constitutes the first separation used in the Table at 242. if the 
excess of ammoniuiH hydrate be decided, the solution of the cobalt, nickel, and 
zinc will not fail. To dissolve the manganese, the ammonium salt must be 
idded abundantly, and the metal must be in the manganous condition (204). 
Hence the oxidation of ferrosum, by nitric acid, must be limited to addition of 
very little nitric acid with very brief boiling, to avoid the formation of man- 
ganic compounds. 

The following precautions are essential to this method of separation : (a) 
All hydrosulphuric acid left from the second-group precipitation must be 
expelled, {h) Iron must be obtained in the ferric condition, as stated in the 
Table (242). (c) If citric and tartaric acids, sugar, albumen, and other organic 
substances which prevent precipitation by alkalies are present, they must be 
iestroyed by evaporating the filtrate from the second group to dryness ; adding 
a few drops of nitric acid, gently igniting, then dissolving in water acidulated 
with hydrochloric acid. A carbonaceous residue may be disregarded. 

The separation of Al,(OH)^, from Pe5(OH),, and Cr,(OH)g, by excess of 
fixed alkali, as directed in 242 A, requires that the alkali should be strong 
enough to dissolve the aluminium, and that the boiling should be sufficient to 
precipitate the chromium (154). 

244. The separation of CoS and NiS, from the other sulphides of Group 
ill. B, as directed in the Table at 242, is not complete, as has been stated in a 
foot-note of the table, if acetic acid be employed instead of hydrochloric acid 
as a solvent, CoS and NiS will be left in the residue without waste ; but now 
the ZnS will chiefly remain undissolved (236 and 241, under H^S). The 
separation of zinc from manganese can be done by treating their sulphides 
with acetic acid, as mentioned in the Table for " Anal, of Group 111., when 
Phosphates are present," 797, also by treating their acetates with hydrosul- 
phuric acid. 

Digitized by VjOOQ IC 



76 Separation of Third Group Metals, 

245. The following Plan of Separation, chiefly by excess of alkali 
hydrates, may be employed as a study : 

Dissolve the third gimip (ammonium sulphide) precipitate in hydrochloric add iHth a very 
little potassium chlorate. 

In solution ; ZnCls, AlaCle, OraOle, MnCla, FoaCle, O0OI2, NiCla. 

Add ammonium chloride, then ammonium hydrate in decided excess, and filter and wash. 
Residue (a): Fe^(OH)e, Al2(OH)6, Ora(OH)e. 
Solution (b) : ZnO, MnO, OoO, NiO (as ammonio compounds). 

Dissolve residue (a) in hydrochloric acid; add excess of potassium hydrate in the cold. 

FUter. 

Precipitate (e): Fea(OH)6. (Dissolve in acid and test.) 

Solution (<i): KaAla04, Or203(K80)„ 

BoUjUtrate id) for some time. Filter. 

Precipitate (e): Cti{OB)e. (Test by 159 d, etc.) 

Solution (/): K2Ala04. (Acidulate and test, 145, etc.) 

To solution {by- 
Add sulphide of ammonium ; filter and wash the precipitate formed. Digest wilb 
moderately dilute hydrochloric acid in the cold, and filter. 

Residue (g): OoS, NiS. (Test 242, B.) 
Filtrate (h): ZnOla, MnOla. 

BoUjUtrate (h) ; add excess (if potassium hydrate, and filter. 
Precipitate : Mn(OH)9. (Test by 211, a.) 
Solution : KaZnOa. (Acidulate and test, 235, etc.) 

In this plan — besides the difficulty with manganese, explained in 243— we 
have the difficult solution of chromium in cold, fixed alkali in presence of iron, 
and the uncertain solution of aluminium by alkali in presence of iron. Also, 
the separation of cobalt and nickel, both by redissolving in ammonium hy- 
drate, and by non-solution of their sulphides in hydrochloric acid, are processes 
requiring care, and affi)rding only approximate separation. 

246. The presence of Phosphoric Acid greatly complicates the analysis of the third 
group. Hence, the first proceeding with the filtrate of the second group is to ascertain 
whether it contains phosphoric acid or not. This is most conclusively done, as directed 
in the Table for Grouping (793), by the test with molybdate. It will be remembered, 
however, that a solution containing phosphoric acid along with any non-alkali bases must 
have an acid reaction (708). As soon as the solution is neutralized, phosphates are preci- 
pitated, and so phosphates are thrown down in third group precipitations. As phos- 
phoric is a non- volatile acid, it must be removed by precipitation. To separate it from 
bases, it must be precipitated from acid solution. This is done, firstly, as directed in the 
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Table for ** Analysis of Group HI. when Phosphates are present " (797), by adding excess 
of ferric chloride, and then barium carbonate, in a very slightly acid solution. The PO4 
is precipiteted as ferric phosphate, with the other two pseudo-triads of the group, alumi- 
nium and chromium, both as hydrates. The phosphates of the pseudo-triads, especially 
ferric phosphate, are less easily dissolved by diluted acids or by acetic acid than any other 
metallic phosphates, except, perhaps, lead phosphate. In this way the dyad metals of 
the third and fourth groups are obtained in solution, free from PO*, as they are not preci- 
pitated by barium carbonate. Now the precipitate of Ala(OH)fl, Or2(OH)e, Fe2(P04)a, 
etc., is boiled with excess of fixed alkali, which brings the aluminium into solution, 
EaAl204, free from PO4. The chromium is identified, in the very complex precipitate, 
by its oxidation to acid, and the color precipitates of chromate. 

247. Secondly, the phosphoric acid radical can be separated from the alkaline earth- 
metals, and from the dyads of the third group, by ferric salt in presence of acetic acid 
(248). There must be no other free acid ; the ferric phosphate itself being soluble in hy- 
drochloric and other strong acids. The acetic acid must be strong enough to prevent the 
precipitation of phosphates of calcium, etc. ; and when of this strength it does dissolve 
some ferric phosphate, so that the separation is not very close. Ferric chloride being 
taken as a reagent, sodium acetate is used, so that the chlorine shall be neutralized as 
metallic salt, and not appear as hydrochloric acid : 

FeaOl. + GNaOaHaOa = Pea(0aHs02)e + 6Na01 
FeaOl. -f eNaOaHaOa + 2HaP04 = Pea(P04)a -f 6Na01 + SHOaHaOa 

In the following table this principle is employed, with certain precautions. Group 
ni. A, is obtained by itself; then put with Group III. B, and digested with sulphide; 
because, it is claimed, in this way the phosphoric acid radical is combined with the pseudo- 
triads to a greater extent than when ammonium sulphide is brought to bear upon the 
whole group in solution. After the use of the sulphide, ferrosum may be present and 
again require oxidation, and the free chlorine used for this purpose also secures the solu- 
tion of OoS and NiS. On digestion with the acetate, a precipitate must occur if Fe, Al, 
or Or, is present. This precipitate may contain all these pseudo-triads, when it probably 
will not contain all the PO4 ; or it may contain all the PO4, when it probably will not 
contain all the pseudo-triads. To assure the removal of all the PO4, ferric salt is added. 
The filtrate is now free from phosphoric acid, and is to be treated essentially as directed 
for the third group when phosphates are absent — obtaining precipitates of Group III. A 
and B, and carrying the filtrate to the fourth group. 
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249. Oxalates have nearly the same deportment in the third group as phosphates, but 
the oxalic acid radical is decomposed altogether by the ignition and oxidation directed in 
343 (c). By the same operation the fluorine of fluorides is expelled, and the silica of sili- 
cates left behind in the residue. Boracic acid is precipitated slightly in the third group 
of bases, but very little if ammonium chloride is added in large proportion. 

250. The use of Barium Carbonate for separation of the pseudo-triads from the dyads 
of the third group has been described in 246, as used in the Table at 797. The following 
is another scheme with use of this reagent : 

Plan for Separation by Barinm Carbonate. 

Dissolve the third group precipitate in hydrochloric acid with a little potassium 
chlorate (to oxidize ferrosum); digesc with gentle heat to expel all the free 
chlorine ; neutralize with potassium carbonate ; filter, if necessary ; add the 
barium carbonate, as^itate, and leave to subside in a flask or test-tube corked 
close to exclude the air Decant, filter ; wash with hot water. 

Precipitate (a) : Fea(OH)e, Ora(OH)8, etc. (the excess of BaCOs). 

Solution (b) : ZnCla, MnCla, C0CI3, NiCla ; (BaCla). 

Dissolve precipitate (a) in dilute hydrochloric acid ; add dUute sulphuric acid to 
complete the precipitate. Filter. 

Precipitate : BaS04. (Reject.) 

Solution (c) : FeaCle, OraCl«, AlaCle. 

Nearly neutralize solution (c) with potassium carbonate ; add excess qf potas- 
sium hydrate, and boii for a few minutes. Filter. 

Precipitate {d) : Fea(OH)6, Ora(OH)8. 

Solution (e) : E3AI2O4. (Determine by 145.) 

Fuse precipitate (d) loith sodium carbonate and nitrate. Dissolve in hot water, 
and filler. 

Residue (/) : Fe.j(OH)e. (Dissolve in hydrochloric acid ; test by 193.) 

Solution ig) : KaOrO*. (Test by 163, etc.) 

To solution (b), add sulphuric acid to complete the precipitate ; filter out the 
barium sulphate ; nearly neutralize the filtrate with potassium carbonate ; add 
excess qf potassium hydrate ; boil a very short time, and filter. 

Solution {h) : KaZnOa. (Add hydrosulphuric acid, 237.) 

Precipitate (i) : Mn(OH)a, Oo(Oa)a, Ni(OH)a. 

Wash precipitate (i), dissolve in a little dilute hydrochloric acid, nearly neutralize 
with ammonium hydrate ; add ammonium acetate, and treat thoroughly with 
hydrosulphuric acid. Filter. 

Precipitate {j) : poS, NiS. -if 

Solution Qc) : Mn(0aH30a)a. (Add ammonium hydrate and sulphide--204, etc.) 

Dissolve precipitate (j) in hydrochloric acid with a little potassium chlorate ; 
nearly neutralize with potassium carbonate ; add solution of potasHum cyan- 
ide^ snflicient barely to redissolve the precipitate at first produced. Boil 
thoroughly, cool, and filter ; add strong solution of good sodium hypochlorite^ 
leave for some time in a warm place (as long as a black precipitate continues 
to form), and filter (230). 

Precipitate (I) : Nia(OH)fl. 

Solution (m) : K8(OoOy»). (Evaporate to dryness ; test by 217, etc.) 
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CEBIUM, BERYLLIUM, URANIUM, TITAIHUM, THALLIUM. 

251. Cerium and Beryllium are classed with the metals of the earths; 
Uranium with the metals allied to iron ; Titanium resembles tin in some reac- 
tions and silicon in others, forms an acidulous anhydride as its most stable 
oxide, and appears in the third group in consequence of the precipitation of 
this acid from its acid solutions by alkalies. Thallium resembles lead in some 
particulars, and the alkali metals in others. 

Cerium, Beryllium, Titanium, and Uranium, appear in Group III. A ; the 
first three not forming sulphides. Of the four, beryllium only is dissolved 
from the hydrate by excess of fixed alkali, none by ammonium hydrate. Thal- 
lium, as a monad, appears in the first group ; as a triad, in Group 111. A, in 
the same way as ferricum. 

262. CZjRICTM forms two oxides, CosOs or cerous, and CeOa or eerie oxide i also 
CosOs or ceroso-ceric oxide is formed by exposure of corous oxide to the air, and is the 
most stable oxide. The most stable salts of this metal are the cerous ; ceroso-ceric salts 
are formed, but mostly reduced to the cerous combination by boiling their solutions ; the 
existence of eerie salts is uncertain.— Potassium or sodium hydrate, precipitates from 
cerous salts the hydrate, Oe(OH)a, white ; changing by chlorine or other oxidizing agents 
to ceroso-ceric hydrate, yellow. — Ammonium hydrate precipitates a basic salt. Alkalies 
do not redissolve their precipitates. — Alkaline carbonates precipitate white cerous car- 
bonate, Oea{003)8. — Oxalates precipitate cerous oxalate, white; first gelatinous, then 
crystalline, converted by ignition into ceroso-ceric oxide. — Potassium Sulphate preci- 
pitates potassio-cerous sulphate, (K2S04)80e2(S04)3. white, crystalline, insoluble in excess. 
— Ferrocyanides precipitate white cerous ferrocyanide. — Hydrosulphuric acid separates 
from cerium the metals of the second group ; saturated solution of potassium sulphate 
separates cerium from zinc, chromium, manganese, iron, cobalt, nickel; also from the 
earth metals. — Barium Carbonate precipitates cerium very slowly. The reaction with 
oxalic acid is characteristic. — With borax and microcosmic salt, all compounds of cerium 
give, with the oxidizing blow-pipe flame, a bead, deep red while hot, coloriess when 
cold; with the reducing flame, when strongly saturated, a yellow enamelled bead. 

263. BERYIiLIUM (glucinum) resembles aluminium. It forms a single oxide, BeO, 
&nd & single class of salts, hut forms many basic salts. — ^Fized alkali hydratss preci- 
pitate the hydrate, Be{OH)a, resembling aluminium hydrate, soluble in excess; ammo- 
nium hydrate causes the same precipitate, insoluble in excess or in cold solution of am- 
monium salts. — Alkali sulphides also precipitate the hydrate. — Carbonates precipitate 
double carbonates, or basic carbonates of beryllium, soluble in ammonium carbonate. 
Barium carbonate precipitates the cliloride, even in the cold.— Phosphates throw down 
BeHP04, flocculent. Oxalates cause no precipitate. — Ferrocyanide of potassium causes, 
after some time, a gelatinous precipitate. — Beryllium is separated and distinguished from 
aluminium, and from zinc, by the solubility of its hydrate and carbonate in excess of 
ammonium xjarbonate ; from zinc by the indifference of its alkaline solutions to ammo- 
nium sulphide. Dilute alkaline solutions precipitate on long boiling, also, the hydrate 
dissolves in ammonium chloride solution on boiling, both distinctions from aluminium. — 
Beryllium compounds, ignited with cobalt nitrate, yield a gray mass. Soluble salts of 
beryllium have a sweet taste. 
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264. URANIUM, comparable with iron, is heavier, less easily reduced, and more 
easily oxidized, chlorinized, or sulphidized, than that metal. Besides uranous and uranic 
oxides^ UO2 brown and UOs brick-red, there are two intermediate oxides, UsOs green and 
U2O5 black. Uranium acts as a base in two classes of salts — having nearly the same sta- 
bility as the corresponding salts of iron, uranous salts with a green color and ivraiiic salts 
bright yellow; uranic oxide also acts as an acidulous anhydride, combining with bases to 
form stable uranates having a yellow color. The uranic oxy-salts are hasir, as uranic 
nitrate, UOa(NOs)2; uranic sulphate, UOaCSO*); and the haloid uranic salts all contain 
oxygen ; uranic oxy-chloride, UOaCla ; oxy-bromide, UOaBra. 

Uranous oxide and hydrate dissolve in hydrochloric and sulphuric acids to uranous 
salts; in nitric acid to uranic salt. Uranic oxide and hydrate dissolve in acids to uranic 
salts. 

a. Uranous Salts are precipitated by alkalies as red-brown uranous hydrate, U(OH)4, 
insoluble in excess and in ammonium salts, soon oxidizing in the air to yellow uranic 
oxide and uranate of the alkali metal. Alkali carbonates precipitate (green) basic car- 
bonate or hydrate, soluble in eaxess ot the precipitant, especially of ammonium carbonate 
or fixed alkaline acid carbonates, to a green solution. — Alkaline sulphides precipitate the 
black uranous sulphide, USai soluble in very dilute acids, hence not formed from neutral 
salts by hydrosulphuric acid. Phosphates give a green uranous phosphate, quite 
soluble in acids when recent, not when dry ; oxalates a gray-green, and ferrocyanides 
a light brown precipitate. 

b. Uranio salts are precipitated by alkalies as yellow compounds of uranic oxide and 
alkali — as K20.(U08)a.(HaO)s — insoluble in excess of the reagent and in ammonium salts. 
Alkali carbonates precipitate yellow double carbonates — as K4(UOa)(008)s — solvble in 
excess of the precipitant, especially of ammonium carbonate or fixed alkali hydrogen car- 
bonate (separation from Al, Fe, etc.) From these solutions, potassium hydrate precipi- 
tates the uranic oxide; the solution in excess of carbonate of ammonium is precipitated 
by boiling. Barium carbonate precipitates uranic salts completely, a reparation from 
third-group dyads. Hydrosulphuric acid reduces uranic to uranous salt with precipita- 
tion of sulphur only; sulphide of ammonium precipitates uranous sulphide, USa, black; 
phosphates throw down uranic phosphate, yellowish-white, (U03)H(P04), insoluble in 
acetic acid ; oxalates, a gray-green uranic oxalate (U0a)0a04 ; crystalline, soluble in 
hot, and nearly insoluble in cold water; ferrocyanides, a deep red-brown precipitate — a 
delicate test ; ferricyanides, no change. 

c. Ignition on charcoal does not reduce oxides of uranium to the metallic state. Bo- 
rax and microcosmic salt give, with compounds of uranium, in the outer flame, clear 
yellow beads greenish-yellow when cold ; in the inner flame, green beads, deeper when 
cold. 

266. TITANIUM is a metal bearing somewhat singular relations. It forms very 
stable compounds with nitrogen and cyanogen (furnace products); it decomposes water at 
the boiling temperature, and burns brilliantly in the air. In its most stable compounds 
it acts as a tetrad ; titanic oxide, TiOa, acting as an a>cidulous anhydride toward bases 
and having properties and salts resembling those of silicic acid — likewise forming a full 
series of (quadrivalent) titaniG salts, as TiOl4. The metal also acts as a pseudo triad, in 
titanous oxide, TiaOs, titanous chloride TiaCle, and a few other salts, all powerful reduc- 
ing agents. 

a. Titanous salts make violet-colored solutions (the chloride, nitrate, and sulphate 
dissolve in water), from which alkali hydrates and their carbonates precipitate titanous 
hydrate, TiaOs(HaO)a;, dark brown, changing in the air to titanic acid, HaTiOs ; ammo- 
nium sulphide throws down the same precipitate, hydrosulphuric acid producing no 
change ; calcium carbonate separates the hydrate. — Ferric and cupric salts are reduced to 
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ferrous and cuprous compounds, and from salts of mercury, silver and gold, the metals 
are separated, by titanous salts, which are thereby changed to titanic compounds. 

h. Titanic salts are mostly insoluble in water, or decomposed by it with precipitation 
of titanic acid, HaO.TiOa or HsTiOs. Of this compound, there are two modifications, one 
soluble and one insoluble in hydrochloric and nitric acids; strong sulphuric acid dissolves 
both modifications; but the titanic sulphate is decomposed and precipitated on diiVition, 
and the chloride on long boiling (distinctive). Titanic chloride, TiCl4, and nitrate, 
Ti(N08)4, are permanently soluble in water. — From these, Alkalies and their carbonates 
and sulphides throw down the white voluminous titcmic hydrate or titanic acid, insoluble 
in excess of the precipitants, and in ammonium salts; the same precipitate is produced by 
barium carbonate. Ferrocyanide of potassium gives a dark-brown precipitate of ti- 
tanic f errocyanide ; tannic acid, an orange precipitate. 

c. Titanates, as shown above, are not formed by treating titanic acid, even when re- 
cent, with aqueous alkalies, but are produced by fusion of titanic acid with alkalies or 
their carbonates. So prepared, the neutral alkali titanates have a yellow color, and are 
decomposed by hot water with separation of insoluble acid titanates of the same bases, 
but soluble in acids as titanic salts. 

d. Compounds of titanium acids with microcosmic salt, dissolve in Ihe outer flame to 
a clear bead, pale yellow when hot, and colorless when cold. The strong reducing flame 
now turns the bead yellow while hot (reddish when cooling), and violet when cold (titan- 
ous oxide). If sulphate of iron be added, the bead by the inner flame is blood-red. In 
the borax bead the same reactions are obtained, less intense. — ^Ignition on charcoal with 

V soda does not reduce titanium to the metallic state (distinction from tin). 

256. THAIililUM is a metal of exceptional character; in density, fusibility, atomic 
weight, and insolub^ity_of its lower chloride and of both its iodides, it resembles lead, 
and is allied to Group I. ; in the solubility of its hydrates and carbonate, it ranks with 
the metals of the alkalies.* It oxidizes readily in the air, vaporizes and burns at the red 
heat, but does not decompose cold or boiling water. It is precipitated from salts by zinc, 
in spongy form. As a monad, its compounds are stable, and not easily oxidized ; as a 
triad, it is easily reduced to the univalent condition. 

a. Thallious oxide, HaO, is black; on contact with water, it forms a hydrate, TIOH, 
freely soluble in water and in alcohol, to colorless solutions. The carbonate is soluble in 
about 20 parts of water; the sulphate and phosphate are soluble; the chloride very 
sparingly soluble; the iodide insoluble in water. Hydrochloric acid precipitates from 
solutions not very dilute, thallious chloride, TlOl, white, and unalterable in the air. 
As a first group precipitate, thallious chloride dissolves enough in hot water to give the 
light yellow precipitate of iodide, Til, on adding a drop of potassium iodide solution— 
the precipitate being slightly soluble in excess of the reagent. Hydrosulphuric acid 
precipitates the acetate, and slightly precipitates strongly acidified solutions, as TI2S, 
black, having the solubilities of zinc sulphide, and in the air soon oxidized to sulphate. 
Ammonium sulphide causes a complete precipitation. Ferrocyanides give a yellow 
precipitate, Tl4FeOye ; phosphomolybdic acid a yellow precipitate ; and potassium per- 
manganate, a red-brown precipitate, consisting in part of TlaOs. Ohromates precipitate 
yellow, normal chromate ; and platinic chloride, pale orange, thallious platinic chloride, 
I (T101)aPtOl4. Thallium compounds readily impart an intense green color to the flame. 
/ and one emerald green line to the spectrum (the most delicate test). The flame- 

/ 

♦ Occurring in minute quantities In certain iron and copper pyrites, thallium sometimes contaminates 
crude sulphur, and commercial sulphuric and hydrochloric acids. 
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color and spectrum, from small quantities, are somewhat evanescent, owing to rapid 
vaporization. 

h, Thallic oxide, TlaOs, dark violet, is insoluble in water ; the hydrate, an oxy-hy- 
drate, TIO(OH), is brown and gelatinous. This hydrate is precipitated from thallic salts 
by the caustic alkalies, and not dissolved by excess. Chlorides and bromides do not 
precipitate thallic solutions; iodides precipitate TU with I. Sulphides, and HsS, 
precipitate thalUoua sulphide, with sulphur. Thallic oxide, suspended in solution of 
potassium hydrate, and treated with chlorine, develops an intense violet red color. 
Thallic chloride and sulphate are reduced to thallious salts, by boiling their water solu- 
tions. 
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268. Metals whose Sulphides are Insoluble in Dilute Acids. 

Copper, Cu = 63.0 ( CuMn cupric compounds. 

( CUj" In cuprous compounds. 

Bismuth, Bi = 210.0 Bi"' In bismuthous compounds. 

Cadmium, Cd = 111.6 Cd" 

Lead, Pb = 206.4 Pb" 

Silver, Ag = 107.66 Ag' 

Mercury Hg = 199.8 i Hg'Mn mercuric compounds 

•^ • ( Hgj" In mercurous compounds. 

. . ^ mA c\ ^ As!" In arsenious compounds. 

Arsenic, As = 74.9 •< , ^ , . ^ , 

( As^ In arsenic compounds. 

. . «, iort/\ ( Sb'" In antimonious compounds. 

Antimony, Sb = 122.0 -^ °" , ,. . a 

( Sb^ In antimonic compounds. 

rp. _ 1 1 ry Q ( Sn" In stannous compounds, 

lin, Sn = 117.0 •< I X • J 

( Sn In stannic compounds. 

Gold, Au = 196.2 Au'" In auric compounds. 

Platinum, Pt = 196.7 Pt"'' In platinic compounds. 

Palladium, . . . . Pd = 106.2 Pd'' In palladious compounds. 

r» xi^ . « 1 Ao c ( Bu/^ In ruthenic compounds. 

Ruthenium, .... Eu = 103.5 •{ _ ^_ , . , /.^ 

• ( BuO,, ruthenic anhydride. 

. . -. 1QA7 j Ir/S In iridic oxide. 

' ( Ir"" In iridic dioxide. 

Rhodium, Eh = 104.1 Eh/^ In rhodic salts. 

Osmium, Os = 198.6 Os/* In osmic double salts. 

( Te" In tellurides. 

Tellurium, Te = 128.0 ) Te"" In tellurites (dibasic). 

( Te^'* In tellurates (dibasic), 

r Be" In selenides. 

Selenium, Se = 78.0 ) Se"" In selenites. 

( Se^'^ In selehates (dibasic). 

Tungsten, . . ; . . W = 184.0 W^^ In tungstates (dibasic). 

,;r , , , --. OA A i Mo"" In molybdic compounds. 

Molybdenum, .... Mo = 96.0 ■{ i , , . ,.ri . v t 

'' ( Mo^^ In moJybdates (dibasic).^ [^ 



86 Second Group Metals. 

259. The metals included in this group are less strongly electro-positm 
than those of the other groups. Only bismuth, antimony, tin, and molybde- 
num decompose water, and these only slowly and at high temperatures. The 
oxides of silver, mercury, gold, platinum, and palladium, are decomposed below 
a red heat. Copper, lead, and tin, tarnish by oxidation in the air. In general, 
the second group metals either do not dissolve in acids with evolution of hydro- 
gen, or do so with difficulty. Nitric acid is the best solvent for all, except 
antimony and tin, which are rapidly oxidized by it. 

260. Mercury, arsenic, antimony, and tin, form, each, two stable classes 
of salts. Therefore, the lower oxides, chlorides, etc., of these metals act as 
reducing agents ; and their higher oxides, chlorides, etc., as oxidizing agents, 
each to the extent of its chemical force. Arsenic, antimony, tin, molybdenum, 
and several of the rare metals of this group, enter into acidulous radicals, 
which form stable salts. Arsenic and selenium are metalloids rather than 
metals. Arsenic, antimony, and bismuth, belong to the Nitrogen Series of 
Elements, the gradations of which are given in 584. 

261. A large proportion of the compounds of the second group metals are 
insoluble in water. Of the oxides or hydrates, only the acids of arsenic are 
soluble in water. The only insoluble chlorides, bromides, and iodides, are in 
this group. The sulphides, carbonates, oxalates, phosphates, borates, and 

tf-ryanogen compounds, are insoluble. Most of the so-called soluble compounds 
of bismuth, antimony, and tin, and some of those of arsenic and mercury, 
dissolve only in acidulated water, being decomposed by pure water, with 
formation of insoluble basic salts. 

■^ 262. The oxides of arsenic, antimony, and tin — in general terms — dissolve 
in alkali hydrates. Oxides of silver, copper, and cadmium dissolve in ammo- 
nium hydrate; oxide of lead, in fixed alkali hydrate. Metallic lead, like zinc, 
dissolves in fixed alkali hydrate, with evolution of hydrogen, though it scarcely 
decomposes any acid by displacing hydrogen. 

263. Many double salts are formed with the metals of this group. Those 
whose sulphides dissolve in alkali sulphides, owe this property to the forma- 
tion of soluble sulpho-salts or double sulphides. Platinum forms a large num- 
ber of stable double chlorides, soluble and insoluble ; and gold forms double 
chlorides, cyanides, etc. 

264. Mercury, antimony, silver, and gold, do not form hydrates. The 
oxides of gold are very instable. 

265. The metals of this group are all easily reduced to the metallic state 
by ignition on charcoaL Except mercury and arsenic, which vaporize^ and 
certain rarer metals difficultly fusible, the reduced metals melt to metallic 
grains on the charcoal. Mercury and antimony vaporize from the liquid, 
arsenic from the solid state. 
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266. Copper does not dissolve in acids with evolution of hydrogen ; it 
dissolves most readily in nitric acid, chiefly with the evolution of nitric oxide 
(a) ; also, in hot concentrated sulphuric acid, with evolution of sulphurous 
anhydride (^) : 

a. 30ii + 8HNO. = 30ii(N0,), + 4HaO + 2NO 
J. On + 2HaS04 = OUSO4 + 2HaO + SO, 

267. The atmosphere oxidizes copper very rapidly when in contact with 
solvents of the oxide of copper ; and in this manner the metal becomes oxid- 
ized and dissolved in hydrochloric acid and nearly all acids, in ammonium 
hydrate, in solutions of many salts, in fats, sugars, and other organic sub- 
stances. 

268. Copper forms two oxides, and corresponding series of salts : cuprous 
salts /being infrequent and instable compounds, nearly all insoluble in water, 
and easily resolved into metallic copper and cujpric saltSy the stable and repre- 
sentative compounds of the metal. 

269. Cupric salts are readily reduced to cuprous combinations by most 
strong reducing agents acting ^oi^h alkalies^ as, by sulphites [a) with free 
alkali (difficultly, without alkali) ; by arsenious acid, with excess of alkali; by 
glucose, and certain other sugars and organic materials, with excess of alkali. 
Also, by ferrous salts, in presence of iodides (279 J). Metallic iron and zinc 
separate, from solutions of cupric salts, metallic copper, without formation of 
cuprous salt. 

a. 2CUSO4 + 4KOH + SO, = OuaSO* + 2K,S04 + 2H80 

270. CUPROUS oxide — Cu^O — is of a brownish red color; cuprous hy- 
drate — Cu3(OH)3 — brownish yellow. Cuprous salts are insolllble in water. 
The chloride, Cu,Cl„, dissolves in strong hydrochloric acid to a colorless solu- 
tion, which turns green in the air. 

From this solution^ water throws down the cuprous chloride, white ; fixed alkalies, 
in small quantity, neutralize the free acid, and precipitate the white cuprous chloride ; 
in larger quantity, precipitate the yellow cuprous hydrate, insoluble in excess. Ammo- 
nium hydrate and ammonium carbonate, in excess, redissolve the hydrate, and dissolve 
the oxide to a colorless solution, which turns blue on exposure (274). Potassa reprecipi- 
tates the ammonia solution. Soluble carbonates precipitate the yellow cuprous car- 
bonate, CuaCOs. — Iodide of potassium precipitates the white cuprous iodide, Cuala, 
without liberation of iodine (279, ft). — Hydrosulphuric acid and sulphides precipitate 
CuaS, black. — Phosphates, oxalates, cyanides, and ferrocyanides, precipitate their re- 
spective cuprous salts, white ; ferricyanides, brown-red.— With the blow-pipe, cuprous 
salts behave like cupric compounds (282). 
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271. CUPBIC oxide is black; the hydrate, light blue. Cupric salts, in 
crystals or solutioD, have a green or blue color; the chloride (^aq.) in solution 
is emerald-green when concentrated, light blue when dilute ; the sulphate 
(5 aq.) is " blue vitriol." Anhydrous cupric salts are white. The crystallized 
chloride is deliqnescent ; the sulphate, permanent ; the acetate, efflorescent. 

272. Cupric hydrate, basic carbonate, oxalate, phosphate, borate, arsenite, 
sulphide, cyanide, ferrocyanide, ferricyanide, and tartrate, are insolnble in 
water. The ammonio- oxide and most of the amniunio salts, the potassio and 
sodio cyanides, and the potassio and sodio tartrate, are soluble in water, hi 
aflcohol, the sulphate and acetate are insoluble ; the chloride and nitrate, solu- 
ble. Ether dissolves the chloride. 

Copper is easily identified by reduction with iron to the lustrous metallic 
state (280) ; also, by the blue solution with excess of ammonium hydrate (274), 
used as a separation from bismuth. 

273. Fixed alkalies — KOH — added to saturation in solutions of copper 
salts — precipitate copper hydrate^ C\x{pT3)^j deep blue, insoluble in excess, 
soluble in ammonium hydrate (if too much fixed alkali is not present), very 
soluble in acids and changed by boiling or by standing, to the black, basic h}'- 
drate, Cu30a(OH)3. l^ tartaric acid, citric acid, grape sugar, milk sugar, or 
certain other organic substances are present, the precipitate either does not 
form at all, or redissolves in excess of the fixed alkali to a blue solution. The 
tartrate alkaline solution may be boiled without change ; in presence of sugar, 
the application of heat precipitates the yellow cuprous hydrate (280). The 
addition of alkali hydrates, short of saturation^ forms insoluble basic salts, of 
a lighter blue than the hydrate. 

274. Ammonium hydrate, added short of saturation, precipitates the 
pale blue basic salts ; added just to saturation, the deep blue hydrate (in both 
cases like the fixed alkalies) ; added to supersaturation, the precipitate dis- 
solves to an intensely deep blue solution. The blue solution consists of com- 
pounds of cuprammonium, (N^H^Cu)", a diammonium formed by the substi- 
tution of an atom of copper for an atom of hydrogen in each of two semi-mole- 
cules of ammonium, NH,WHgCu. The cuprammonium oxide is united with 
ammonium salt, as(NaH.Cu)0.(NH:j3S0, and (W,H,Cu)0.(NH,Cl), : 

OuSO* -f 4NH4OH = (NaHeOu)0.(NH4)2S04 + 3HaO 

From this solution the fixed alkalies in strong solution precipitate the blue 
hydrate, and on boiling the black oxide, CiiO. 

275. Ammonium carbonate, like ammonium hydrate, precipitates and 
redissolves to a blue solution. Carbonates of fixed alkali metals — as K^CO, 
— precipitate the greenish-blue, basic carbonate, Cu(OH)3CuC03, of variable 
composition, according to conditions, and converted by boiling to the black, 
basic hydrate (273), and .finally to the black oxide. Barium carbonate preci- 
pitates only on boiling, a basic carbonate. 

Digitized by VjOOQ IC 



Copper. 89 

276. Hydrosulphiiric acid, and soluble sulphides, precipitate copper 
sulphidey CuS, black, formed alike in acid solutions (distinction from iron, 
manganese, cobalt, nickel), and in alkaline solutions (distinction from arsenic, 
antimony, tin). — Solutions containing only the one-hundred-thousandth of cop- 
'per salt are colored brownish by the reagent. The precipitate, CuS, is easily 
soluble by nitric acid (a) (distinction from mercuric sulphide) ; with difficulty 
soluble by strong h}drochloric acid (distinction from antimony) ; insoluble in 
hot dilute sulphuric acid (distinction from cadmium) ; insoluble in fixed alkali 
sulphides, and but slightly soluble in ammonium sulphide (distinction from 
arsenic, antimony, tin) ; soluble in solution of potassium cyanide [b) (distinc- 
tion from lead, bismuth, cadmium, mercury) ; soluble in solution of potassium 
carbonate. 

a. 30uS + 8HNOs = 30u(N0,)a + 3S + 4HaO + 2NO 

b, OuS + 4KOy = (KCy)90uOya + KaS 

277. Phosphates — as Na,HPO^— give a bluish- white precipitate of copper 
phosphates ; CuHPO^, if the reagent is in excess ; Cu3(POj3, if the copper 
salt is in excess ; the precipitates slightly soluble by acetic acid. — Oxalates 
precipitate cupric oxalaiCy CuC^O^, bluish-white, insoluble in acetic acid, and 
formed from mineral acid salts of copper by oxalic acid added with alkali 
acetates. — Normal potassium chromate precipitates brown-red basic cupric 
chromate, somewhat soluble in water. — Arsenites, as K3ASO3, or arsenious 
acid with just sufficient alkali hydrate to neutralize it, precipitate fj-om solu- 
tions of cupric salts (not the acetate), the green copper arseuite, chiefly 
OuHAsOj (Scheele's green, *' Paris green "), readily soluble in acids and in 
ammonium hydrate, decomposed by strong potassium hydrate solution. From 
cupric acetate, arsenites precipitate, on boiling, copper aceto-ar senile, (CuO- 
A.^^O^fi\i{0^fi^^, Schweinfurt green, or Imperial green, *' Paris green," 
dissolved by ammonium hydrate and by acids, decomposed by fixed alkalies. 

278. Alkaline cyanides — as KCy — precipitate at first the yellowish green 
cyanide, CuCy,, soluble in excess of the reagent by formation of potassium 
cupric cyanide, (KCy)3CuCy,. The cupric cyanide precipitate is instable, 
becoming cuprous, or cuproso-cupric cyanide, Cu^Cy, ; the latter unites with 
ammonium hydrate, forming several green to blue salts, mostly soluble in 
water. Ferrocyanides — as K^PeCy^ — precipitate the copj)er ferrocyanide, 
Cu^PeCy^, reddish-brown, insoluble by acids, decomposed by alkalies. In 
highly dilute solutions, a reddish coloration, without precipitate, is seen. Per- 
ricyanides — as KgPeCy^, — precipitate copper f err icy avide. QvlJ^^Qt^^^, yel- 
lowish-green, insoluble in hydrochloric acid. Sulphocyanates, with sulphur- 
ous acid, precipitate cuprous sidphocyanate^ Cu^{CYS)^y white (distinction 
from cadmium). 

279. Soluble iodides precipitate, from concentrated solutions of copper 
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salts, cuprous iodide, Cu,!,, white, colored dark brown by the iodine sepa- 
rated in the reaction {a). The iodine dissolves with color in excess of the re- 
agent, or dissolves colorless on adding ferrous sulphate or soluble sulphites, by 
entering into combination. Cuprous iodide dissolves in thiosulphates (with 
combination). 

The cuprous iodide is precipitated, free from iodine, and more completely, 
by adding reducing agents with iodides; as, Na,SO,, H^SO,, PeSO^ {h). 

a, 2CUSO4 + 4EI = Cuals + 21 + 2EaS04 

h. 2CUSO4 + 2KI + 2FeS04 = Ouala + K2SO4 + Pea(S04)t 

2CUSQ4 + 4KI + HaSOs + HaO = Ouala + 2KaS04 + HjSO* + 2HI 

280. Metallic copper is reduced and separated from cupric solutions by 
iron, zinc, cobalt, nickel, lead, cadmium, bismuth, tin, and phosphorus. A 
bright slip of iron in solution of cupric salts acidulated with hydrochloric acid, 
receives a bright copper coating, recognizable from solutions in 120,000 parts 
of water. Zinc acts most promptly in contact with platinum^ as by use 
of a platinum dish, when the copper is deposited on the platinum ; when mi- 
nutely divided as a precipitate, the copper is dark brown to black. Finely 
divided zinc can be removed by solution in hydrochloric acid. Nitric acid, 
and tartaric acid, intei*fere with this reaction : 

CUSO4 + Fe = Ou + FeS04 
(For every 63 parts of copper deposited, 55.9 parts of iron are dissolved.) 

For detection of minute traces of copper, by metallic reduction, Hager directs as fol- 
lows : The material is obtained in solution acidulated with acetic acid. The end of a 
platinum wire is inserted just within the eye of a large sewing-needle, around which the 
wire is wound. The coil is left in the solution three or four hours, at a temperature of 
25" to 30* C. (77° to 86° F.) The presence of copper is indicated by a black-brown coating 
on the platinum wire, but more closely determined by further treatment. The needle is 
now withdrawn, the platinum wire is washed by gentle introduction into water, placed in 
a test-tube, treated with four or five drops of nitric acid and a few drops of diluted sul- 
phuric acid, warmed, boiled to expel all nitric acid, and an excess of ammonium hydrate 
added. 

Arsenious acid (385 d ), certain sugars, and many organic compounds, 
reduce cupric salts with fixed alkali hydrate, to a yellow precipitate oi cuprous 
oxide and not to metallic copper. 

Sodium thiosulphate, added to hot solutions of copper salts, gives a black preci- 
pitate of cuprous sulphide, with formation of sulphate and free sulphur. In solutions 
strongly acidulated (with hydrochloric acid), this is a separation from cadmium. 

281. Ignition with sodium carbonate on charcoal leaves metallic copper in 
finely divided grains. The particles are gathered by triturating the charcoal 
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mass in a small mortar, with the repeated addition and decantation of water 
until the copper subsides clean. It is recognized by its color, and its softness 
under the knife. 

282. Copper readily dissolves, from its compounds in beads of borax and 
of microcosmic salt, in the outer flame of the blow-pipe. The beads are green 
while hot, and blue when cold. In the inner flame, the borax bead becomes 
colorless when hot ; the microcosmic salt turns dark green when hot, both 
having a reddish-brown tint when cold (Cu^O), (helped by adding tin, 789). 

283. Compounds of copper, heated in the inner flame, color the outer 
flame green. Addition of hydrochloric acid increases the delicacy of the reac- 
tion, giving a greenish-blue color to the flame, 

BISMUTH. 

284. A hard, brittle metal, of a moderate lustre and a reddish gray-white color, often 
iridescent from superficial oxidation, a crystalline laminated fracture, fusible at 264° C. 
(507* F.), and slightly volatile at high temperatures. 

286. Bismuth is but slightly oxidized in the air at ordinary temperatures, rapidly at 
a red heat ; it takes fire in chlorine, and unites readily with bromine, iodine, and sulphur. 
Hydrochloric acid scarcely attacks it ; boiling sulphuric acid salifies it with separation of 
sulphurous anhydrid^e, but it dissolves much the most readily in nitric acid, with evolu- 
tion of lower oxides of nitrogen. 

286. Bismuth forms one stable oxide, which is represented in permanent salts, his- 
muthoua oxide, BiaOs, yellow-white. Bismuth monoxide, BiO, black, is more readily 
oxidizable than the metal. Bismuthic anhydride, BiaOs, brown, forms red bismuthates 
with the alkali metak, decomposed by water. Bismuthic acid, HBiOs, is a red powder, 
insoluble in water. There are several intermediate oxides, unions of those here named. 
Bismuth is at the metallic extreme of the "nitrogen group," compared in 584. Bismuth- 
ous salts are not very easily affected by oxidizing or reducing agents ; the hydrate, how- 
ever, is reducible (297). They have an unusual tendency to basic formations — the chloride 
forming oxy-chlorides, etc. The chloride is deliquescent ; the nitrate, permanent. 

287. The sulphide, hydrate, basic carbonate, phosphate, chromate, borate, 
sulphite, oxalate, iodide (295), cyanide, ferrocyanide, ferricyanide, tartrate, ci- 
trate, tannate, and valerianate, are insolnble in water. The chloride, bromide 
(295), nitrate, chlorate, and sulphate — when taken as normal salts — are 
soluble in water acidulated with their respective acids, or with other acids 
forming " soluble " bismuth salts ; but are decomposed by pure water, with 
partial solution and partial separation of insoluble basic salts — (261 and equa- 
tions in 288). The ammonio citrate is soluble in water without decomposition ; 
and the decomposition of the normal chloride, nitrate, and sulphate, is pre- 
vented by the addition of comparatively small quantities of acetic, citric, and 
certain other organic acids. The acidulated, water-saturated solutions of the 
nitrate and chloride may be considerably further diluted with alcohol, without 
disturbance. 

In analysis, bismuth is precipitated alone, from the nitric acid solution of 
second group sulphides (455), after removing lead (and silver), by adding 
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excess of ammonium hydrate, a separation from copper and cadmium. The 
precipitation by water (288) suggests bismuth. 

288. Water precipitates, from the acidulated bismuth solutions, white 
basic salts (see equations below), which contain less of their acid radicals in 
proportion as greater quantities of water are added, and some of which can be 
washed on the /filter until almost pure hydrate or oxide. The precipitation is 
most complete with the chloride, and with other salts is promoted by addition 
of hydrochloric acid or chlorides ; hence, it may occur as a first group preci- 
pitate. All the precipitates are readily soluble in hydrochloric and nitric acids : 
not in tartaric acid (distinction from antimony). Acidulation with certain 
organic acids (in accordance with the statement in 287) prevents the precipita- 
tion: 



Bid, 


+ 


HaO 


= BiOCl 


+ 


2H01 


Bi(NOs)s 


+ 


aHaO 


- (a) BiONOs.HsO 


+ 


2HNO, 


4Bi(NOa), 


+ 


6HaO 


= (ft) Bl405(NO,),.H20 


+ 


lOHNO, 


Bi(NOa). 


+ 


3H30 


= (c) Bi(OH). 


+ 


3HN0, 



(a) BiO(NO,) or BlaOs-NaOft 

(ft) Bi40B(N08)a or 2Bia08.Ng06 

289. The alkali hydrates precipitate from bismuth solutions — in absence 
of tartaric acid, citric acid, and certain other organic substances — the white 
bismuth hydrate^ Bi(OH)„ insoluble in excess of the reagents, converted by 
boiling to the oxide, Bi^Oj, yellowish-white. Certain reducing agents turn the 
precipitate black (297). 

290. The carbonates precipitate basic bismuth carbonate^ Bi^O^CO,, white, 
insoluble in excess. Barium carbonate forms the same precipitate, without 
heating. 

291. Hydrosiilphuric acid and sulphides precipitate bismuth sulphide, 
BijSg, black, insoluble in dilute acids and in alkali hydrates ; insoluble in alkali 
sulphides (distinction from arsenic, tin, antimony), and in alkali cyanides (dis- 
tinction from copper), it is soluble by moderately concentrated nitric acid 
(distinction from mercury), the sulphur mostly remaining free. 

292. Soluble chromates — both K^CrO^ and K,Cr,0, — precipitate the yel- 
low, basic bismuth chromute, 'B\0{OT:0^^y distinguished from that of lead by 
its insolubility in fixed alkali hydrate. 

293. Phosphoric acid and soluble phosphates precipitate bismuth phos- 
phate, BiPO^, insoluble in five per cent, nitric acid (distinction from other 
phosphates, except stannic phosphate), insoluble in dilute acetic acid, readily 
soluble in hydrochloric and sulphuric acids. — Arsenic acid and arseniates 
form a precipitate corresponding to the phosphate in composition, and having 

Digitized by VjOOQ IC 



Bismuth, 93 

the same solubilities. It will be seen, that free phosphoric and arsenic acids 
can pritcipitate nitrate, but not chloride of bismuth (19) ; phosphates and 
arseniates precipitate both. 

294. Oxalic acid and oxalates precipitate bismuib oxalate, 213(0^0^3, 
white, insoluble in dilute acids. 

295. Fomssium Iodide produces in slightly acidulated solutions of bis- 
muth salts — not acidulated to excess with hydrochloric acid — a dark brown 
precipitate of bismuth iodide, partly basic, soluble in excess of the reagent, in 
hydrochloric acid and in hydriodic acid — in each case with a brown tinge to 
the solution, not soluble in dilute nitric acid.* 

Bromides precipitate a basic salt, soluble in acid. 

296. Alkaline cyanides precipitate the white hydrate, Bi(OH)3, with 
formation of hydrocyanic acid. The precipitate is insoluble in the reagent. — 
Perrocyanides form a white to yellow precipitate ; ferricyanides a yellow 
to brownish-yellow precipitate — both normal bismuth salts, and both insoluble 
in acids. 

Tannic acid throws down bismuth tannate, yellow. 

297. Metallic bismuth is reduced from bismuthous solutions, mostly as a 
spongy precipitate, by zinc, iron, tin, lead, copper, and cadmium. 

Potassium or sodium stannite (K^SnO,), when added in excess to bismuth 
solutions, causes a black precipitate, from reduction to bismuth monoxide, 
BiO, a very delicate reaction. The stannite is made, when wanted, by adding, 
to stannous chloride solution, in a test-tube, enough sodium or potassium hy- 
drate to redissolve the. precipitate at first formed (430). 

The basic bismuth nitrate is reduced by grape sugar, in a warm solution 
of fixed alkali carbonate, with formation of a blackish-brown liquid and dark- 
gray sediment containing bismuth monoxide. Also, the recent bismuth hy- 
drate, in suspension with the excess of fixed alkali, is reduced by digestion with 
grape sugar or .milk sugar to a black precipitate. 

298. On charcoal, with sodium carbonate, before the blow-pipe, bismuth 
is readily reduced from all its compounds. The globule is easily fusible, brit- 
tle (distinction from lead), and gradually oxidizible under the flame, forming 
an incrustation (BigOg), orange-yellow while hot, lemon-yellow when cold, the 
edges bluish-white when cold. The incrustation disappears, or is driven by 
the reducing flame, without giving color to the outer flame. 

♦ This precipitate, at the moment of its formation in concentrated soIntionR, Is doubtless normal bis- 
muthous iodide, Bils, which is gradually decomposed by water, more rapidly in dilute solutions, forming < 
basic iodide (oxy-iodide) with separation of hydriodic acid. The oxy-iodide of the composition Bid is 
Btated to be insoluble in solutions of alkali iodides, while this precipitate is soluble in these solutions, even 
after decomposition by much water. 

The reaction of iodides, with bismuth solutions, differs in degree but not in kind from that of chlorides 
(288); the normal bismuth iodide only requiring stronger acidulation to hold it in solution than the normal 
chloride. Also, intermediate between the behavior of these two lies that of bismuthous bromide. The 
aqueous iodides form a very delicate test for even quite strongly acidulated solutions of bismuth salts, and 
the bismuthous iodide may not improperly be classed as an '* insoluble " salt (287). 
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299. With borax or microcosmic salt, bismuth gives beads, faintly yellow- 
ish when hot, colorless when cold. 



CADMIUM. 

300. A tin-white, lustrous metal, softer, more fusible and more volatile than tin, 
melting at about 350' C (682" F.), and vaporizing at 860° C. (1,580" F.) It oxidizes but 
slowly in the air at ordinary temperatures; at its boiling point it bums rapidly to oxide, 
which is not decomposed by heat alone. It dissolves slowly in hot, moderately dilute 
hydrochloric or sulphuric acid, with evolution of hydrogen ; in nitric acid, more readily 
with generation of nitrogen oxides. — Cadmium forms a single oxide, Ocl"0, yellowish- 
brown, and a corresponding series of salts, from which it is reducible, in the wet way, 
only by strong reducing agents. It forms numerous double salts, especially haloids. — 
The hydrate, sulphide, carbonate, oxalate, phosphate, cyanide, ferrocyanide and ferricy- 
anide are insoluble in water. The chloride and bromide are deliquescent, and soluble 
in alcohol as well as water ; the iodide is permanent, and soluble in water ^nd alcohol; 
very sparingly in ether. The ammonio-oxide and the potassio and sodio cyanides are 
soluble in water. 

In analysis, cadmium is separated from other members of the second group, 
along with copper: and separated from copper, as sulphide (470). 

301. Fixed alkalies precipitate from solutions of cadmium salts — in ab- 
sence of tartaric and citric acids, and certain other organic substances — the 
white hydrate, Cd(OH)3, insoluble in excess of the reagents (distinction from 
zinc). Ammonium hydrate forms the same precipitate, which it redissolves. 
Alkali carbonates precipitate CdCOj, white, insoluble in excess of the reagents. 
Barium carbonate forms a complete precipitate, in the cold. — Hydrosulpliimc 
acid and sulphides throw down the sulphide^ CdS, yellow ; insoluble in cold 
dilute acids, in alkalies, and in alkali sulphides or cyanides, soluble in hot and 
dilute sulphuric acid (compare 276). — Alkali chromates precipitate yellow 
cadmium chromxxte, from concentrated solutions only, and soluble on addition 
of water. — Phosphates form a white precipitate, readily soluble in acids; 
oxalates and oxalic acid, cadmium oxalate, white, difficultly soluble in acids. 
Potassic cyanide precipitates CdCy^, white, soluble in excess of the reagent, 
as (KCy),CdCy3 ; ferrocyanides form a white ; ferri cyan ides, a yellow preci- 
pitate — both soluble in hydrochloric acid, and in ammonium hydrate. — Zinc, 
and especially magnesium, reduce cadmium from acid and from ammoniacal 
solutions, as a spongy gray precipitate. 

On charcoal, with sodium carbonate, cadmium is reduced before the blow- 
pipe to metallic salt, and usually vaporized and reoxidized nearly as fast as 
reduced, thereby forming a characteristic brown incrustation (CdO). This is 
volatile by reduction only, being driven with the reducing flame. — Cadmium 
oxide colors the borax bead yellowish while hot, colorless when cold; micro- 
cosmic salt, the same. 
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302. Comparison of Certain Beactions of Bismuth, Copper, and Cad- 
mium. 

Taken in solutions of their Chlorides, titrates. Sulphates, or Acetates, 



EOH or NaOH, in excess. 

NH4OH, in excess. 

Dilution of saturated solu- 
tions. 

Iodides. 



Sulphides. 

Iron or Zinc. 

Sugar, EOH and heat. 



Bi. 



Bi(OH)8, 



white 



Bi(OH)s, white 
(289). 

BiOCl, etc., white 



Partial precip., in 
solutions not 
very strongly 
acid (295). 

BiaSa, black, insol. 
in cyanide (291). 

Bi (spongy precip ) 
(297). 

BiO and Bi (black) 
(297). 



Cu. 



Ou(OH)a, dark 
blue (273). 

Blue solution (274). 



Partial precipitate 
completed oy re- 
ducing agents 
(279). 

OuS, black, sol. in 
cyanide (276). 

Cu (bright coat- 
ing) (280). 

Oua(OH)2 (yellow) 
(280). 



Cd. 



Od(OH)«, white 
(301). 

Colorless solution. 



No pre. 



OdS, yellow, insol- 
luble in cyanide. 

Od (gray sponge). 



LEAD. 

303. Lead is a soft and malleable metal, of a bluish-gray color, highly lus- 
trous on fresh surfaces, slightly lustrous after exposure ; fusible at 325° C. (617°' 
F.), and very slowly volatile by ignition. It tarnishes in the air at ordinary 
temperatures by formation of diplumbic monoxide, Pb,0, blackish gray. Pure^ 
water, free from air, does not affect lead, free from oxide or hydrate, in the 
cold; but granulated lead slowly decomposes boiling water, with evolution of 
hydrogen, and formation of lead hydrate, Pb(OH)3. In water containing 
air, the hydrate and basic carbonate are formed. This corrosion and solution 
are greatly promoted by nitrogenous organic matters — ammonium salts, and' 
nitrates and nitrites — and by chlorides ; hindered or prevented by carbonates,, 
acid carbonates and sulphates. Above the melting point, lead gradually oxid- 
, izes in the air to ** litharge," PbO. 
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304. Lead oxide, PbO, is a yellow powder, fusible to a reddish-yellow mass, soluble 
in acetic and nitric acids, in lead acetate solution, and in potassium and sodium hydrates. 
This oxide represents the only permanent salts of lead. Lead salts are, however, capable 
of oxidation, with production of less stable products (320). All the higher oxides of lead 
are reduced to PbO by ignition. 

Lead forms two basic cicetatea, or " subaeetates " : (1) PbsOaCOaHsOa)!!, triplumbic 
dioxy-diacetate, or "tribasic acetate," forming the chief portion of the pharmacopoeial 
solution of subacetate. (2) Diplumbic oxy-diacetate, PbaO(OaHsOa)a, or " dibasic ace- 
tate," of less common occurrence. 

305. Triplumbic tetrozide, Pb804, ''red lead " or minium^ is a well-known pigment 
of a scarlet color. When heated, it first becomes brighter red, then turns violet. With 
nitric acid, it is gradually resolved into insoluble lead dioxide and lead nitrate, PbOa and 
Pb(N08)a, the mixture acting as a strong oxidizing agent. Reducing agents, as oxalic 
acid, tartaric acid, or sugar, enable all the lead to be dissolved as nitrate (a). Hydro- 
chloric acid in excess slowly dissolves triplumbic tetroxide, with generation of chlo- 
rine (6) : 

O. PbaO* + 6HNO, + HaOa04 = 3Pb(NOs)a + 4HaO -f 200a 

b, PbaO* -f 8H01 = SPbCla + 201 + 4HaO 

306. Lead dioxide, PbOa, '' peroxide of lead," is a brown powder. It is not soluble 
in nitric acid, except by aid of reducing agents. It dissolves in hydrochloric acid, with 
formation of lead chloride and chlorine. In acetic and phosphoric acids, with careful 
treatment, it forms ** peroxyplumbic salts." Very strong solufcion of potassium hydrate, 
in large excess, dissolves it, with formation of ** potassium plumbate," EaPbOs. Lead 
dioxide is a powerful oxidizing agent, one of the strongest known. Digested with am- 
monium hydrate, it forms lead nitrate and water. Triturated with one-sixth of sulphur, 
or tartaric acid, or sugar, it takes fire; with phosphorus, it detonates. (In study of lead 
dioxide as an oxidizing agent, see 835.) 

307. Dilute nitric acid is the proper salifying solvent for lead, forming plumbic 
nitrate with evolution of nitric oxide. Concentrated nitric acid forms insoluble oxide. 
Lead does not dissolve in dilute sulphuric acid, cold or hot, or in concentrated sulphuric 
or hydrochloric acid, in the cold ; but hot sulphuric acid, containing less than twenty-five 
per cent, water, forms lead sulphate, sparingly soluble in the concentrated acid; and hot 
concentrated hydrochloric acid forms, with evolution of hydrogen, and dissolves, a 
limited proportion of lead chloride. Dilute hydrochloric acid forms chloride, but dis- 
solves little of it. 

308. The oxide, and hydrate (formed in water, 303), are soluble in 7,000 to 10,COO 
parts of water, to which they give the alkaline reaction. The sulphide, carbonate, phos- 
phate, chromate, sulphite, borate, cyanide, ferrocyanide, and tannate, are insoluble in 
water. The sulphate and oxalate are very slightly soluble in water ; the chloride, iodide, 
bromide, and ferricyanide, are sparingly soluble in hot water, still more sparingly soluble 
in cold water. The sulphate and chloride are less soluble in dilute sulphuric and hydro- 
chloric acids than in pure water, but much more soluble in the same acids concentrated 
than in water. Nitric acid increases the solubility of the sulphate and chloride in water, 
more and more, as the nitric acid is stronger — the salts separating again on diluting the 
nitric acid solution. The sulphate and chloride are insoluble in alcohol. The iodide is 
moderately soluble in soluJ;ions of alkaline iodides, insoluble in alcohol, decomposed by 
ether. The basic acetates are permanently soluble (if carbonic acid is strictly excluded). 
The basic nitrates are but slightly soluble in water, and are precipitated on adding solu- 
tions of potassium nitrate to solution of basic lead acetate (304). 
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In analysis, the solubility of the chloride, sparing as it is, enables lead to 
be separated from the other first group metals (313). As a final precipitate, 
in both first and seobnd groups, the sulphate is most used. The sulphide pre- 
cipitate exceeds other tests in delicacy. 

309. Fixed alkalies precipitate, from solutions of lead salts, lead hydrate^ 
Pb(OH),, white, soluble in excess of the reagents, by combination, as potas- 
sium or sodium plumbite, K^PbO, (distinction from silver, mercury, bismuth, 
copper, cadmium). All the precipitates of lead hereafter given, except the 
sulphide, are soluble in strong solutions of the fixed alkali hydrates. 

The alkaline solution of lead is precipitated by alkaline solutions of chro- 
mic, stannic, stannous, antimonious and arsenious oxides. 

Ammoniuni hydrate precipitates white basic salts, insoluble in excess 
(distinction from silver, copper, cadmium) : with the chloride, the precipitate is 
PbgOClj,; with the nitrate, PbjOgOHNOj. With the acetate, in solutions of 
ordinary strength, excess of ammonium hydrate (free from carbonate) gives no 
precipitate, soluble tribasic acetate being formed, 

310. Soluble carbonates precipitate lead basic carbonate, white, the car- 
bonate and hydrate combined in proportions varied by conditions. With 
excess of the reagent, in concentrated solution, the precipitate consists chiefly 
of Pbg(OH)g(C03)3. Free carbonic anhydride precipitates the basic acetate. 

311. Hydrosulphuric acid and the sulphides precipitate — from neutral, 
acid or alkaline solutions — lead sulphide, PbS, brownish-black, insoluble in 
highly dilute acids, in alkalies, or alkali sulphides. Moderately dilute (15 to 
25 per cent.) nitric acid dissolves the precipitate, with separation of sulphur 
(equation a) ; concentrated nitric acid changes it mostly to the (insoluble) lead 
sulphate (equation b) — in both cases with evolution of nitric oxide. The oxida- 
tion of the sulphur always occurs in the action of nitric acid on sulphides, 
in degree proportioned to the strength of acid, temperature, and duration of 
contact : 

a, SJPbS + 8HNOs = 3Pb(NOa)a + 8S + 2NO + 4H2O 

h, 8Pb9 -f SHNOs = 3FbS04 + 8NO + 4HaO 

In solutions too strongly acidulated, especially with hydrochloric acid, the 
formation of brick-red basic sulphides, as Pb^SCl,, interferes with perfect pre- 
cipitation ; in solutions excessively dilute, only a brown coloration occurs with- 
out precipitation. Lead is revealed in solutions in 100,000 parts of water, by 
this test. 

312. Sulphuric acid and sulphates precipitate, from neutral or acid solu- 
ti<ms, lead sulphate, PbSO^, white, not chemically changed or permanently 
dissolved by acids, except hydrosulphuric acid, yet slightly soluble in strung 
acids, as more particularly stated in 308. Soluble in boiling ammonium ace- 
tate, and in the fixed alkalies. For solution by transposition into soluble salts, 
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see 323. Soluble in warm sodium thiosulphate solution, at temperatures not 
above 68° C. (154° F.) ; in hot solution, lead sulphite being formed, insoluble 
in thiosulphate; distinction and separation from barium sulphate, which does 
not dissolve in thiosulphates. 

This test is from five to ten times less delicate than that with hydrosul- 
phuric acid; but lead is quantitatively separated as a sulphate, by precipitating 
with sulphuric acid in presence of alcohol, and washing with alcohol. If the 
PbSO^ is heated with K,CrO^, transposition takes place, and the yellow 
PbCrO^ is formed (316). The yellow precipitate is soluble in fixed alliali hy- 
drates, then reproduced by acetic acid. Also, excess of potassium iodide trans- 
poses lead sulphate, the yellow product (315) being a distinction of lead from 
barium. 

813. Hydrochloric acid and soluble chlorides precipitate, from solu- 
tions not too dilute, lead chloride, PbCl,, white. This reaction constitutes 
lead a member of the PIBST GROUP — as it also is of the second. The 
solubility of the precipitate is such (308), that the filtrate obtained in the cold 
gives marked reactions with hydrosulphuric acid, sulphuric acid, chromates, 
etc.; and that it can be quite accurately separated from silver chloride and 
mercurous chloride by much hot water. Also, small proportions of lead 
escape detection in the first group, while its removal is necessarily accom- 
plished in the second group. 

314. Soluble Bromides precipitate lead bromide, PbBr,, white, soluble in 
water to about the same extent as the chloride ; in concentrated solutions, the 
precipitate dissolves in excess of the potassium bromide, as (KBr)3PbBr,, 
which is decomposed and precipitated by dilution with water. Also soluble 
in hot solutions of ammonium chloride and nitrate. 

316. Soluble Iodides precipitate lead iodide, Pbl,, bright yellow and 
crystalline, soluble in about 1,900 parts of cold or 200 of hot water ; soluble 
in hot moderately concentrated nitric acid, and in solutions of. fixed alkalies 
(309), not in cold hydrochloric acid ; soluble in excess of the alkali iodides, 
by formation of double iodides — with deficient excess of potassium iodide, 
forming KIPbl, ; with superabundance of the same reagent, forming (Kl)^Pbl,, 
these double iodides requiring free alkali iod le to hold them in solution, and 
being partly decomposed by undue addition of water, with reprecipitation of 
the lead iodide. Lead iodide is not precipitated in presence of sodium citrate; 
alkaline acetates also hold it in solution to some extent, so that it is less per- 
fectly precipitated from acetate than from nitrate of lead. 

316. Soluble Chromates — both K^CrO^ and K^Cr^O, — precipitate lead 
chromate, PbCrO^, yellow, soluble in fixed alkali hydrates (distinction from 
bismuth), insoluble in chromic acid (distinction from barium), slightly soluble 
in acetic acid, decomposed by hydrochloric acid and by ammonium hydrate. 

817. Disodium hydrogen phosphate precipitates trimetalViG lead phos- 
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phate^ Pb3(POjj, white, insoluble in dilute acetic acid (compare 188), soluble 
in nitric acid and fixed alkalies : 

3Pb(N08)a + SNaaHPO* = PbsCPOOa + 6NaNOs + HsPO* 
And HsP64 + NaaHPO* = 2NaH9P04 

Therefore, if there is excess of phosphate, the full reaction will be : 

3Pb(N08)a + 4NaaHP04 = Pb8(P04)a + BNaNOs + 2NaHaP04 

Alkali oxalates precipitate lead oxalate, PbOa04, white, insoluble in acetic acid, 
soluble in potassium and sodium hydrate solutions, and in nitric acid. 

Alkali sulphites— as NaaSOs— precipitate lecbd sulphite, PbSOs, white, less soluble in 
water than the sulphate, slightly soluble in sulphurous acid, decomposed by sulphuric, 
nitric, and hydrochloric acids. 

318. Soluble cyanides — as KOy — precipitate lead cyanide, PbOya, white, soluble in 
a very large excess of the reagent, reprecipitated on boiling. — Ferrocyanides — as 
E4FeC7e — precipitate ferrocycmide, PbaCFeOye), insoluble in dilute acids. — Ferri- 
cyanides form, in concentrated solutions, a dark brown precipitate, slightly soluble in 
water. — Sulphocyanates form, in concentrated solutions, a yellow crystalline precipitate 
of lead sulphocyanate, Pb(OyS)a, soluble in water, decomposed on boiling, with precipita- 
tion of basic sulphocyanate, PbOH(OyS), white. 

319. Tannic acid precipitates solutions of lead acetate, and partly the nitrate, as 
yellow-gray tannate of lead, soluble in acids. Solution of lead acetate precipitates a large 
number— and solution of lead auhacetate a still larger number — of orgflnic acids, color 
substances, resins, gums, and neutral principles. Indeed, it is a rule, with few excep- 
tions, that lead subacetate removes all organic acids (not acetic, formic, butyric, valeric, 
or lactic). Ammoniacal solution of lead acetate is used as a reagent, as a form of basic 
acetate (309). 

320. Certain strong oxidizing agents, acting in solutions of lead salts, cause a pre- 
cipitate of lead dioxide, PbOa (306). This result is obtained by saturating solution of 
lead acetate or alkaline solution of lead salts, or solution of lead nitrate, with gaseous 
chlorine or with strong solution of hypochlorite. Lead dioxide is formed by fusing 
lead oxide with potassium chlorate. 

321. Lead salts are reduced to the metallic state by placing zinc, iron, 
magnesium, or other strongly electro-positive metal, in a solution of lead salt. 
The lead separates as a dark-gray, spongy mass, loosely adherent to the preci- 
pitating naetal. 

322. On charcoal, before the blow-pipe, alone or more readily with sodium 
carbonate, lead is reduced to malleable globules; while an incrustation of 
lead oxide forms around the mass — dark-yellow when hot, sulphur-yellow 
when cold, driven by the reducing flame, but non-volatile without reduction. 
The presence of this incrustation, in the reducing flame, imparts a blue color to 
the outer flame, 

323. When a salt of lead is fused with sodium carbonate on charcoal, 
the acid of the lead salt combines with the sodium ; but the corresponding 
formation of lead carbonate is prevented by the reducing power of the char- 
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coal, which takes oxygen and forms carbonic anhydride — liberating the car- 
bonic anhydride of the sodium carbonate, and metallic lead, thus : 

SPbSO* + SNaaOOa + O = 2Pb + 2NaaS04 + 3O0a 

(n this way, lead sulphate is resolved, by transposition, into compounds soluble 
in water or acids. The further reducing action of the carbon, however, changes 
the sulphate into sulphide of sodium (677). By fusion with sodium carbonate 
in a crucible, transposition is effected without reduction, thus : 

PbSO* + NaaOOs = NaaSO* + PbO + COa 

In the dec<nn position in this manner of soluble salts of lead, we have the re- 
verse of the chemical change which takes place in solution — an example of the 
general principle stated in the latter portion of paragraph 20. Thus, the 
change shown in the following equation, is essentially the reverse of the changes 
indicated in 313 : 

PbOla + NaaOOs = SNaOl + PbO + OOa 

324. VVith borax and microcosmic salt, strictly in the outer flame, lesi^ 
oxide and oxidized compounds give a bead yellow when hot, becoming colorless 
when cold; due to formation of lead borate or phosphate, fused in the glass. 
If the least reducing action is allowed to bear on the bead, the test is spoiled, 
and the platinum wire is spoiled likewise. (See, under Platinum, 479.) 



SILVER. 

325. A metal of brilliant white lustre, very malleable, softer than copper, fusible at 
1,020° C. (1,838° F.), and nearly non- volatile at furnace heat.— It is not oxidized by water 
or air at any temperature, but is oxidized by ozone, is readily attacked by chlorine, 
bromine, or iodine, and is soon tarnished in air containing hydrosulphuric acid, or in con- 
tact with sulphides or certain organic substances containing sulphur, by formation of 
silver sulphide ; also, by substances easily liberating phosphorus, as silver phosphide. As 
silver is easily reduced from its salts, these act as oxidizing agents of considerable force. 

326. The proper solvent of silver is nitric acid, most efficient when about fifty per 
cent., but active whether concentrated or dilute— with production of nitric oxide as the 
chief residual product. Hot concentrated sulphuric acid forms sulphate, which is spar- 
ingly soluble ; and hot concentrated hydrochloric acid forms silver chloride, slightly 
soluble in the concentrated reagent, but precipitated on dilution. The fixed alkalies do 
not act upon silver in the wet or dry way ; hence, silver crucibles are used instead of 
platinum for fusion with caustic alkali. Silver, in the form of a precipitate, is very 
slowly acted upon by strong aqueous ammonia, dissolving as a nitride. — There is but a 
single series of salts of silver — those represented by Ag', and sometimes designated 
argentic salts. By reduction of silver salts, an argentous oxide, Ag40, and a correspond- 
ing chloride, are formed. By action of ozone on the metal, a superoxide, AgO, is pro- 
duced. 

327- The nitrate, acetate, and sulphate form permanent anhydrous crystals. The 
salts of silver are chiefly colorless, except the ortho-phosphate and arsenite, yellow ; the 
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arseniate, reddish-brown; the iodide, yellow; the bromide,^3SiaUGW'WhiteVtJie*iiillJiilde, 
black. Normal silver salts do not redden litmus. 

328. Silver forms a greater number of insoluble salts than any other metal ; though, 
in this respect, there is but little difference between the first-group bases. The oxide, 
sulphide, chloride, bromide, bromate, iodide, iodate, cyanide, ferrocyanide, ferricyanide, 
carbonate, oxalate, phosphate, arsenite, arseniate, sulphite, and tartrate, are insoluble 
in water; the sulphate is soluble in 200 parts of cold, and less than 100 parts of boiling 
water. The acetate is soluble in 100 parts of water. The borate, thiosulphate, and 
citrate, are very sparingly soluble in water. The ammonium silver oxide and the nume- 
rous ammonium silver salts, the double cyanides, iodides, and thiosulphates of silver and 
alkaline metals, are. soluble in water. The chloride is sparingly soluble in strong hydro- 
chloric, nearly insoluble in nitric and dilute sulphuric acids; soluble, to some slight 
extent, in solutions of all soluble metallic chlorides (except calcium and zinc chlorides), 
especially soluble with sodium chloride (double chloride being formed); also soluble with 
certain other alkali salts, and in concentrated solution of mercuric nitrate. The nitrate 
is sparingly soluble in alcohol and in ether, and soluble in glycerine. 

329. Both the oxy-salts and haloid salts of silver, which are insoluble in water, are 
decomposed cmd dissolved by ammonium hydrate, except the sulphide and iodide ; by cold 
dilute nitric acid, except the chloride, bromide, iodide, bromate, iodate, and the haloids 
of cyanogen and its compounds; by solution of potassium cyanide, except the sulphide; 
and by alkali thiosulphates, almost without exception. 

In analysis, silver is completely precipitated as a chloride, in the first 
group (332), and the solubility of this precipitate in ammonium hydrate sepa- 
rates it from the other first group bases (448). Reduction to metallic silver is 
sometimes employed in analysis (340). 

330. The fixed alkali hydrates precipitate, from solutions of silver salts 
(in absence of citrates), silver oxide, Agj,0, grayish-brown (264), insoluble in 
excess of the reagents ; easily soluble in nitric, acetic, and sulphuric acids, and 
in ammonium hydrate; somewhat soluble in ammonium salts; soluble in 
alkali cyanides and thiosulphates ; also, soluble in about 3,000 parts of water. 

Ammonium hydrate, in neutral solutions of silver nitrate, forms the same 
precipitate, silver oxide, very easily dissolving in excess, by formation of am- 
monium silver oxide, NH^AgO.* In solutions containing much free acid, all 
precipitation is prevented by the ammonium salt formed. 

The ammoniacal solution of silver is precipitated by addition of excess of 
fixed alkalies. This precipitate cont&ms fulminating silver — a black powder, 
which explodes with dangerous violence by friction or by drying above ordin- 
ary temperatures. Fulminating silver may also be deposited from ammoniacal 
solutions of silver, on standing, and by digesting oxide of silver with strong 



* This formula accords with the results of a series of volipnetric determinatioiis made by Mr. D. E. 
Osbome and the author (Jour. Am. Ghent. Soc.^ 1880). If silver replaces hydrogen of ammonium, thefor- 
miUa Tvould be (NHg A&)aO— the molecule of which, with a molecule of water, would make two mole- 
cules formed as given in the text. For the latter, we have : 



AgNOs + 2NH4OH = NH4AfirO + NH4NO8 + 
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amlfiloiiiumr* liyttrate!** 'Its 'production, in the way first mentioned, is most 
favored by a slight excess of the fixed alkali.* 

331. HydrosulphiLric acid and alkali sulphides precipitate from neutral, 
acid, or alkaline solutions, silver sulphide, Ag,S, black, soluble in modepately 
concentrated nitric acid (distinction from mercury), not in solution of potas- 
sium cyanide (distinction from copper) ; insoluble in alkali sulphides (distinc- 
tion from tin, etc.) 

332. Hydrochloric acid and the soluble chlorides precipitate silver 
chloride, AgCl, white, curdy, separating on shaking the .solution ; turning 
violet to brown in the light (from formation of argentous chloride, Ag^Cl), 
very easily soluble in ammonium hydrate, as ammonio silver chloride, (NH,),- 
(AgCl),. The precipitate, also, is slowly soluble in concentrated solution of 
ammonium carbonate ; and is fusible without decomposition. For solubilities 
of the precipitate — indicating the conditions of delicacy in the test — see 328 
and 329. This precipitation is the most delicate of the ordinary tests for sil- 
ver ; being recognized in solution in 250,000 parts of water, and enables us 
wholly to remove this metal IN THE FIRST GBOTJP of bases. 

333. Soluble bromides precipitate silver bromide, AgBr, white, with a 
slight yellowish tint, but slightly soluble in excess of potassium bromide, and 
much less easily soluble in ammonium hydrate than silver chloride (536).— 
Soluble iodides precipitate silver iodide, Agl, pale yellow, easily soluble in 
excess of the reagents by formation of double iodides, as KIAgl. The double 
iodide is decomposed by dilution with much water, and all the silver repreci- 
pitated as iodide. The precipitate is scarcely at all soluble in ammonium hy- 
drate (one part dissolving in 2,600 parts often per cent, solution of ammonia). 
Concentrated nitric acid slowly dissolves it. Regarding other solubilities of 
argentic bromide and iodide, see 328 and 329, and 536 and 558. 

334. Potassium cyanide, or hydrocyanic acid, precipitates, from neutral 
or slightly acid solutions, silver cyanide, AgCy, white, quickly soluble in ex- 
cess of the reagent,, as potassium silver cyanide, KCyAgCy. By formation of 
these double cyanides, the various compounds of silver are rendered soluble, 
through treatment with alkali cyanides ; also, a soluble iodo-cyanide is formed. 
Silver cyanide is readily soluble in ammonium hydrate, and promptly decom- 
posed by hydrochloric acid. 

336. Potassium ferrocyanide precipitates silver ferrocyanide,Ag^PeCy,, 
jrellowish-white, difficultly soluble in ammonium hydrate, not decomposed by 
hydrochloric acid, changed by nitric acid to the ferricyanide. Exposure to the 
air gives it a blue tinge. — ^Potassium ferricyanide precipitates silver ferri- 
-cyanide, reddish-yellow, soluble in ammonium hydrate. 



* The composition of this substance, known as BerthoUet's Fulminating Silver, has not been dete^ 
mined, but it contains nitrogen. It is distinct from the silver fulminatev AgTaOysOa* represented byfol- 
minic acid, and isomeric with cyanates. f~^ r^r^r-^Ar^ 
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336. Alkali carbonates precipitate silver carbonate, Ag^CO,, white or 
yellowish- white, slightly soluble in water, somewhat soluble in excess of fixed 
alkali carbonates, quite soluble in ammonium carbonate ; soluble in nitric acid 
and in ammonium hydrate; changed by boiling to silver oxide. Barium 
carbonate does not affect solution of silver nitrate. 

337- Oxalic acid, and oxalates, precipitate silver oxalate^ AgaCa04, white, slightly 
soluble in water, sparingly soluble by dilute nitric acid, readily soluble in solution of 
ammonium hydrate. It detonates when heated. 

338. Disodium hydrogen phosphate precipitates trimetallic silver ortho-phosphate^ 
AgsP04, yellow, soluble in dilute nitric acid, in phosphoric acid, and in ammonium 
hydrate ; but little soluble in dilute acetic acid. — Pyrophosphates — as Na4P307 — precipi- 
tate silver pyrophosphate, Ag4Ps07, white, insoluble in acetic acid, soluble in dilute 
nitric and phosphoric acids, and in ammonium hydrate. 

339. Arseniates — as Na3As04 — ^precipitate red-brown silver arseniate, Ag3As04, hav- 
ing the same solubilities as the ortho-phosphate. — Arsenites— as NasAsOs — precipitate 
silver arsenite, AgsAsOs, yellow, quickly soluble in dilute acids and in ammonium 
hydrate (equation at 370). 

Chromates—as KaOr04— precipitate silver chromate, Ag3Cr04, dull-red, sparingly 
soluble in water, not much more soluble in dilute nitric acid. 

Thiosulphates — as NaaSaOs — precipitate silver thiosulphate, AgaSaOs, white, very 
instable, and readily soluble in excess of the precipitants, by formation of double thiosul- 
phates. That formed by sodium thiosulphate is first NaAgSaOs, with excess of the 
thiosulphate, Na4Aga(Sa08)8 ; and corresponding thiosulphates of silver and potassium 
are formed. By standing or heating, the precipitate turns black, as AgaS. 

340. Silver is very easily Reduced to the Metallic State, from solutions of its salts, 
from ammoniacal solutions, and especially from its solutions in cyanides, by reducing 
agents, including the following : Zinc, copper, iron, magnesium, lead, bismuth, mercury; 
arsenious acid, arsenious hydride (377) ; antimonious hydride (411) ; ferrous salts, stannous 
salts, sulphurous acid, sugars, formic acid, certain volatile oils, and many other organic 
substances. The reduced silver appears as a brown-black precipitate, or in some condi- 
tions as a white lustrous coating. A bright strip of copper, introduced into a solution of 
silver nitrate, receives a lustrous silver coating (see equation in 280). A globule of mer- 
cury, placed in a concentrated solution of silver nitrate on a watch-glass, becomes covered 
with a deposit of silver amalgam in arborescent form — ^the silver tree, arbor Diance. A 
mass of recently precipitated silver chloride, acidulated with hydrochloric or sulphuric 
acid, on introducing a piece of zinc without agitation, is steadily reduced throughout, 
as shown by the advancing boundary of dark brown color in the mass. Silver oxide, as 
recently precipitated by fixed alkali, or silver chloride with fixed alkali, treated with cane 
sugar or grape sugar, turns brownish black, as precipitated silver. The same form of 
precipitate is obtained by the larger number of reducing agents. By a gradual reduc- 
tion of the silver with certain reagents, it is obtained as a bright silver coating upon the 
inner surface of the test-tube, or other glass vessel. A somewhat dilute solution of am- 
monio nitrate of silver, treated with a dilute alcoholic solution of oils of cloves and cassia 
—the latter solution not in excess — gives this result. The coating is also obtained by add- 
ing to solution of silver nitrate a very little aqueous solution of chloral hydrate, and then 
a slight excess of ammonia; the ammonium formiate, gradually produced by decomposi- 
tion of the chloral with alkali, deoxidizes the amraonio silver nitrate. A silver deposit on 
glass may sometimes be made to assume the form of a compact and lustl-ous coating, by 
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rubbing with a glass rod. In these deoxidations, generally, the nitric acid radical oi 
silver nitrate is not decomposed, but nitric acid is left. 

2AgNO» + HaO = 2Ag + 2HNO» + O 

See, as an example, the statement of the reaction between arsenious hydride and silver 
nitrate, under Arsenious Acid (377). 

Iiight decomposes most compounds of silver, with blackening from formation of 
metallic silver or of argentous oxide, Ag40, or of both. The nitrate in crystal or pure 
water solution, the phosphate, iodide, and cyanide, are not decomposed by light alone; 
but light greatly hastens their decomposition by organic substances, or other reducing 
agents — as of solution of silver nitrate in rain-water, or written as an ink upon organic 
fabrics. 

341. Silver nitrate and chloride fuse undecomposed, but decompose at a higher heat. 
Most silver compounds, heated in the glass-tube, leave a metallic residue. On Charcoal, 
with sodium carbonate, silver is reduced from all its compounds in the blow-pipe flame, 
attested by a bright malleable globule. Lead and zinc, and elements more volatile, may 
be separated from silver by their gradual vaporization under the blow-pipe. Copper and 
iron are removed along with larger quantities of lead, previously added for this purpose, 
either as metallic lead or by reduction from litharge. (See descriptions of Ottpellation, 
in works on general chemistry, and more fully in works on assaying of precious metals.) 



MEBCURY. 

342. A tin-white, lustrous metal, liquid at temperatures between -40'* and 860° C. 
(-40° and 680" F.), slightly volatile at ordinary temperatures. Divided in globules in- 
visible to the unaided eye, and separated by minute films of liquid or solid foreign matter, 
mercury appears as a dark gray powder, exceedingly mobile. It is not oxidized by agita- 
tion with air or oxygen — the tarnish acquired on the surface of commercial mercury, by 
exposure to the atmosphere, being due to intermixture of foreign metals ; but by agita- 
tion with water, or with various substances, the metal is ** extinguished," or divided to 
the gray pulverulent form, which contains some mercurous oxide when so prepared. 
Also, the gray pulverulent mercury is precipitated by reduction from salts in solution. 
Aqueous solutions of alkali chlorides, with access of the air, gradually act upon mercury 
by formation of mercuric chloride. Solution of potassium permanganate oxidizes mer- 
cury — forming mercurous oxide, manganic hydrate, and potassium hydrate. 

343. The most effective solvent of mercury is nitric acid. It dissolves readily in the 
dilute acid with heat, or in the cold, if nitrous acid is present; with the strong acid, heat 
is soon generated ; and with considerable quantities of material, the action acquires an 
explosive violence. At ordinary temperatures, dilute nitric acid, when applied in slight 
excess, produces chiefly normal mercurous nitrate, but when the mercury is in excess, 
more or less of basic mercurous nitrate is formed ; hot dilute nitric acid, in excess, forms 
chiefly mercuric nitrate ; when the mercury is in excess, both basic mercurous and basic 
mercuric nitrates are formed — in all cases, chiefly nitric oxide gas is generated. Chlorine 
— in aqueous solution, or formed in nitro-hydrochioric acid — dissolves mercury slowly, to 
mercuric chloride. Hydrochloric acid, at ordinary temperatures, does not affect mer- 
cury; and the concentrated acid, by long boiling, scarcely attacks it. Bromine and 
iodine promptly unite with mercury. Dilute sulphuric acid does not act upon mercury; 
but the concentrated acid, when heated, dissolves it with moderate rapidity, evolving 
sulphurous anhydride. 
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344. Mercury forms two well-marked oxides — HgaO, black, and H^, red — and two 
corresponding classes of salts— the mercurous compounds being permanent in the air, 
but changed by powerful oxidizing agents to mercuric compounds. The latter are some- 
what more stable, but act as oxidizing agents in many relations. Mercury as a noble 
metal is not strongly electro-positive ; and many reduciug agents change mercuric com- 
pounds, first to mercurous combinations, and then to metallic mercury. 

Solutions of mercurous and mercuric salts redden litmus. Mercuric chloride is per- 
manent ; nitrate, deliquescent. 

345. MEBCUBOUS compounds, of ordinary occurrence, are insoluble in 
water, except the normal nitrate ; the sulphate and the acetate are spariiigly 
soluble (that is, in 300 to 600 parts of water). And these require acidulated 
water for their full solution ; becoming decomposed hy water, at a certain de- 
gree of dilution, with precipUation of basic salts (261). 

Mercurous chloride is very slowly soluble by cold concentrated solutions 
of alkali chlorides, somewhat more rapidly when heated, the solution being due 
to formation of mercuric chloride and mercury. Dilute hydrochloric acid, at 
ordinary temperatures, fails to dissolve mercurous chloride ; but when heated 
it gradually causes the formation of mercuric chloride and mercury, the action 
being very slow with dilute acid, tolerably rapid with concentrated acid. In 
presence of certain organic substances, the resolution into mercuric chloride and 
mercury takes place at 38° to 40° C. (100° F.) Free chlorine, and nitric 
acid, quickly dissolve mercurous chloride, as mercuric salt. 

In analysis, mercurous compounds are precipitated, from solution, as chlo- 
ride, in the first group (350), and this precipitate is distinguished from others 
in the group, by blackening with ammonium hydrate (448). The identification 
of mercury, by reduction to metallic state, is the same as with mercuric com- 
pounds (363). 

346. Fixed alkali hydrates precipitate, from solutions of mercurous 
salts, mercurous oxide^ Hg^O (264), black, insoluble in alkalies. 

347. Solution of ammonium hydrate produces black precipitates; that 
from solution of mercurous nitrate being {'N'EL^'E[g^)'NO^, nitrogen dihydrogen 
dimercurous nitrate,* black, insoluble in alkalies, soluble in acids : 

2HgN08 + 2NH4HO = NHaHgaNOs + NH4NO8 + 2H2O 

Mercurous chloride, white, is changed by ammonium hydrate to (N'H.^lELg^)Cly 
nitrogen dihydrogen dimercurous chloride, or dimercurous ammonium chloride. 



* The componnds produced by action of ammonium hydrate on mercury compounds are considered as 
eubstitutions of H.g for a certain number of atoms of H in NH4 (ammonium). The substitutions formed 
from mercurous compounds contain (200 parts by weight or) one atom of H^ (acting as a monad) for each 
atom (1 part) of H displaced ; they are termed mercurous-ammoniums ; mercurosammonium being NHg- 
Hg; di-mercnrosammonium, NH^HgTa ; tri-mercurosammonium, NHHgrs, etc. The substitutions 
formed in ammonium by mercury from mercuric compounds contain one atom of Hg- (acting as a dyad) for 
two atoms of H displaced ; they are designated as mercurammoniums ; mercnrammonium being (NH8)s- 
Hg; di-mercurammonium, NHaHgr; tri-mercurammonium, (N'H)i'ELga; tetra-mercuramonium, NHffg. 
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black (distinction from lead)^ decomposed by acids, insoluble in ammonium 
hydrate (distinction from silver) : 

HgsCls + 2NH4HO = NHaHgaCl + NH4CI + ^H,0 

848. Solutions of the carbonates of the fixed alkali metals precipitate an 
instable mercurous carbonate, Hg^COg, gray, blackening to basic carbonate 
and oxide when heated. Ammonium carbonate reacts like ammonium hydrate 
(347). Barium carbonate precipitates mercurous salts, in the cold. 

349. Hydrosulphuric acid, and soluble sulphides, precipitate mercurous 
sulphide, Hg^S, black, containing variable proportions of HgS and Hg, into 
which it is soon resolved without change of color. The precipitate is insoluble 
in nitric acid, hydrochloric acid, or ammonium sulphide. The sulphides of the 
metals of the fixed alkalies— Na^S and K^S — slowly change mercurous to mer- 
curic sulphide, and sparingly dissolve it (359, equation b). 

350. Hydrochloric acid and soluble chlorides form a white precipitate 
of mercurous chloride, Hg^Cl,, " calopciel " — placing the mercurous base IN 
THE FIRST GBOUP. Yov relations of the precipitate to solvents, see 345 ; 
to ammonium hydrate, see 347 ; fixed alkalies blacken it by formation of Hg^O 
(346). 

351. Soluble bromides precipitate mercurous bromide, Hg^Br,, yellowish 
white, insoluble in water and in alcohol, insoluble in dilute nitric acid. 

352. Soluble iodides precipitate mercurous iodide, Hg^Ig, greenish-yel- 
low — " the green iodide of mercury." The precipitate from mercurous nitrate 
contains more or less mercuric iodide; that from the acetate is nearly pure 

Mercurous iodide is nearly insoluble in water, insoluble in alcohol (distinction from 
mercuric iodide), somewhat soluble in ether, slowly soluble in part by Ja,queous solutions 
of alkali iodides (excess of the precipitants), being first decomposed to mercuric iodide 
and mercury, which last remains undissolved : 

Hgala + 3KI = Hg + (KI)aHgI, 

Ammonium hydrate solution slowly and partially dissolves mercurous iodide. 

By sublimation, and to some extent by exposure to light, mercurous iodide is changed 
to mercuroso-mercuric iodide^ HgI.HgIa, yellow — with separation of metallic mercury. 
When the precipitate by iodide of potassium, in solution of mercurous nitrate, is made in 
very dilute solutions or is allowed to stand for some time, it consists chiefly of this— "the 
yellow iodide of mercury." It is strictly insoluble in alcohol ; melts and sublimes unde- 
composed, and is affected by alkali iodides like mercurous iodide. 

353. Alkali cyanides, also hydrocyanic acid, resolve mercurous salts into metallic 
mercury, a gray precipitate, and mercuric cyanide, which remains in solution. — Ferro- 
cyanides form a white, gelatinous; ferricyanides, a red-brown precipitate. 

Alkali phosphates— as NaaHP04— precipitate the white mercurous phosphate, 
Hg8P04, when the reagent is added in excess; the yellow mercurous phosphate-nitrate. 
Hg8P04.HgN03, when mercurous nitrate is in excess.— Ohromates precipitate the 
orange-yellow mercurous chromate, basic ; changed by dilute nitric acid to the normal 
HgaOr04 ; by strong nitric acid changed to mercuric chromate, and dissolved.— Oxalic 
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acid and oxalates precipitate the white mercurous oxalate, HgaOaO*, slightly soluble in 
dilute nitric acid. 

Soluble sulphates precipitate, from solutions not dilute, the white mercv/roua sulphate, 
HgsS04, sparingly soluble in water (345) ; decomposed by boiling water with precipitation 
of a basic sulphate ; more soluble in dilute nitric acid ; blackened by ammonium hydrate 
and fixed alkalies (distinction from other sparingly soluble sulphates). 

354. Mercurous compounds are reduced to metal by the same reducing 
agents that reduce mercuric compounds to metal ; but not by all the reducing 
agents capable of converting mercuric to mercurous combinations, as more 
fully specified in 362. As to oxidation of mercurous compounds, see 837. — 
The reactions in the dry way are nearly the same as those for mercuric com- 
pounds (363). 

356. MSBCXJBIC oxide, sulphide, iodide, iodate, basic carbonate, oxalate, 
phosphate, arseniate, arsenite, ferrocyanide, and tartrate, are insolnble in water. 
The bromide is soluble in 250 parts of cold, or one-tenth that proportion of 
boiling water. The acetate and cyanide are freely, the chromate and citrate 
sparingly, soluble in water. The double iodides of mercury, and the metals of 
the alkalies and alkaline earths, are soluble in water — that is, meicoi-ic iodide is 
soluble in aqueous solutions of alkali iodides. . The double bromides dissolve 
in a smaller proportion of water than the bromide. Except the chloride, the 
ordinary mercuric salts which are soluble in water are so only by presence of 
free acid, being partially decomposed by water, with separation of basic salts 
(261). In work with solution of mercuric nitrate, some of the reactions are 
modified by the free acid, always present. — Mercuric sulphate is soluble in 
very dilute sulphuric acid. — The chloride is soluble in about 12 parts of cold, 
or two to three parts of boiling water ; freely soluble in alcohol and in ether. 

In analysis, the second group precipitate of mercury sulphide is separated 
hy its insolubility in nitric acid (464). The final form, in determination of 
mercury, is usually the metallic state (362 a, or 363). 

356, Solutions of the fixed alkali hydrates, added short of saturation, to 
solutions of mercuric salts, precipitate reddish-brown basic salts j when the 
reagent is added to supersaturation, the orange-yellow mercuric oxide, HgO, 
is precipitated. Prepared in the dry way, mercuric oxide is obtained red — 
the "red precipitate " of the shops. From very acid solutions, the precipitate 
is incomplete or does not form at all, owing to its solubility in alkali salts. It 
is very slightly soluble in water. In presence of an ammonium salt, the white 
precipitate (357) is formed. Certain organic acids interfere with the precipita- 
tion. 

357. AmmoniiLm hydrate produces a "white precipitate,*' recognizable 
in very dilute solutions (compare 59) ; that with neutral solution of mercuric 
chloride being (NH,Hg)Cl, nitrogen dihydrogen mercuric chloride, or dimer- 
curammonium chloride (a) — (347) ; that with hot dilute solution of mercuric 
nitrate and excess of ammonia being (NHg,)!^©,, nitrogen dimercuric nitrate 
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(h). The precipitates are easily soluble in hydrochloric acid ; sparinpjly solu- 
ble ill strong animoniuni hydrate, which should not be used in excess in precipi- 
tation. They are also more or less soluble in ammonium salts, and especially 
in ammonium nitrate Therefore, the precipitation by ammonium hydrate is 
always in some degree incomplete ; and that of the acid mercuiic nitrate is de- 
cidedly diminished, and in very dilute solutions prevented altogether, by the 
ammonium salt formed in the reaction (as shown in equations a and l). A 
soluble combination of ammonium chloride with mercuric chloride, (NH^Cl),- 
HgCl,, or ammonium mercuric chloride, called " sal alembroth," is not preci- 
pitated by ammonium hydrate, but potassium hydrate precipitates therefrom 
the white mercurammonium chloride, (N.^HgHg)Cl3 (c). 

a. HjrOla + 2NH4OH = (NHaHg)01 + NH4CI + 2HaO 

J. 2Hg(N03)a + 4NH4OH = (NHg2)N08 + 3NH4NO, + 4H,0 

c. (NH401)aHg01a + 2KOH = ([NH3]2Hg)01a + 2K01 + 2HaO 

Ammonium carbonate reacts like ammonium hydrate (compare 59). 

358. Pbtassium and sodium carbonates precipitate first red-brown hasic 
salts, which, by excess of the precipitants with heat, are converted into the 
yellow mercuric oxide. The basic salt formed with mercuric chloride is an 
oxy-chloride, HgCl3.(HgO)3,3^or4 ? ^i^^ mercuric nitrate, a basic carbonate, 
(HgO)3HgC03 or (HgO)^CO,. — Barium carbonate precipitates » basic salt 
in the cold, from the nitrate, but not from the chloride. 

359. Hydrosulphuric acid, gradually added to solutions of mercuric salts, 
forms at first a white precipitate, soluble in acids and in excess of the mercuric 
salt ; by further additions of the reagent, the. precipitate becomes yellow- 
orange, then brown, and finally black, insoluble in hydrochloric or nitric acid. 
This progressive variation of color is characteristic of mercury, and is also pro- 
duced by ammonium sulphide. The final and stable precipitate is mercuric 
sulphide, HgS ; the lighter colored precipitates consist of unions of the original 
mercuric salt with mercuric sulphide, as HgCl,.HgS, the proportions of HgS 
being greater with the darker precipitates. When sublimed and triturated, 
the black mercuric sulphide is converted to the red (vermilion), without chemi- 
cal change. 

Mercuric sulphide is soluble by free chlorine (nitro-hydrochloric acid) (a) ; 
not affected by nitric acid (distinction from all other metallic sulphides) or by 
hydrochloric acid ; insoluble in ammonium sulphide (distinction from tin, anti- 
mony, arsenic) ; somewhat soluble in solutions of sulphides of potassium and 
sodium, by formation of double sulphides (b) soluble in alkali hydrates or sul- 
phide solutions, but decomposed by pure water ; also, slowly and partially 
soluble in fixed alkalies, by formation of alkaline sulphides (c). 

a. HgS + 01, = HgOl, + s 
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h, HgS + K,S = K,S.Hg8 

e. 2HgS + 2KOH = K,S.HgS + HgO + HsO 

860. Soluble bromides precipitate, from concentrated solution of mercuric 
nitrate (not from the chloride), the white mercuric bromide, HgEr^, soluble in 
water (355), the solution giving the mercuric reactions, and being precipitable 
by reduction (362) to mercurous bromide (351). The precipitate is decomposed 
by strong or hot nitric acid. 

Soluble iodides precipitate mercuric iodide, Hgl„ first reddish-yellow, 
then red ; very slightly soluble in water, soluble in concentrated nitric and 
hydrochloric acids; quickly soluble in solutions of the iodides of all the more 
positive metals — that is, in excess of its precipitants, by formation of soluble 
double iodides ; as (KI),HgI, variable to KI.Hgl^.* 

The potassium-mercuric iodide (sometimes designated the iodo-hydrar- 
gyrate of potassium) is precipitated by ammonium hydrate, and by the alka- 
loids (see Nessler's Test, 58). Dilute acids precipitate the mercuric iodide. 

361. Soluble normal chromates precipitate, from very concentrated solu- 
tions, basic mercuric chromates, orange yellow to red ; considerably soluble in 
water, more soluble in solution of mercuric chloride or nitrate. Soluble 
phosphates, as NajHPO^, precipitate mercuric phosphate, 'H.g^(PO^)^, 
white, soluble in acids, including phosphoric acid, and in ammonium salts. 
Soluble oxalates, and oxalic acid, precipitate — from the nitrate, but not from 
the chloride — mercuric oxalate, HgC^O^, white, readily soluble in dilute 
hydrochloric acid, difficultly soluble in nitric acid. Potassium Ferrocyanide 
precipitates mercuric ferrocyanide, white, becoming blue on standing. 

362. Beducing agents precipitate, from the solutions of mercuric and 
mercurous nitrates, dark-gray Hg (342) ; from solution of mercuric chloride, 
or in presence of chlorides, ^r«^ the white, HggCl, (350), then grny "Big. Strong 
acidulation with nitric acid interferes with the reduction, and heating promotes 
it. By digestion with hot concentrated hydrochloric acid — and a little solution 
of stannous chloride — the gray precipitate of divided mercury is converted into 
liquid globules of metallic lustre. This somewhat tardy result is hastened by 
trituration with a glass rod in the test-tube. 

The reducing agent most frequently employed is stannous chloride (a). 
Boiling solution of sulphurous acid (^),or thiosulphates (c), effect the reduction. 
A clean strip of copper, placed in a slightly acid solution of a salt of mercury, 
becomes coated with metallic mercury, and when gently rubbed with cloth or 
paper presents the tin-white lustre of the metal (d), the coating being driven 
off by heat. Zinc and iron, also, reduce mercury, and from mercuric chloride 



* A hot concentrated solution of potassinm Iodide dissolves SHsrIa for every 2KI. The first crystals 
from this solution are 'KL.'H.gT^. These are decomposed by pnre water, and require a little free iodide for 
perfect water solution, hat they are soluble in alcohol and in ether. 
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110 Mercuric Salts. 

or in presence of chlorides, first precipitate calomel. Formic acid reduces 
mercuric to mercurous chloride, and in the cold does not effect further reduction. 
Dry mercuric chloride, moistened with alcohol, is reduced by metallic iron; 
a bright strip of which is corroded soon afler immersion into the powder tested 
(a delicate distinction fiom mercurous chloride). Further, see 838. 

a. 2Hg01s + SnOls = HgaCla + 8nOl4 

QgsCla + SnOla = 2ECg + 8nCl4 

Or: HgCla + SnO!, = Hg + SnOl* 

Also: 3Hg(NOs)a + SnOl, = HgaOla + Sn(NO»)4 

h, HgOl, + H,SO» + H,0 = Hg -+ H,S04 + 2HC1 

c. 2HgOl3 + 2NaaS,0» = HgaCl, + 2NaCl -f Na3S40e 
Or: HgOla + 2Naa830» = Hg + 2Na01 + NaaS40« 

d, 25gNO» + Ou = 2Hg + Ou(NO,)a (compare 280). 

363. All compounds of mercury, in glass tubes or on charcoal, are quickly 
volatile before the blow-pipe. Mercurous chloride and bromide and mercuric 
chloride and iodide sublime (in glass tubes) undecomposed — the sublimate con- 
densing (in the cold part of the tube) without change. Most other compounds 
of mercury are decomposed by vaporization, and give a sublimate of metallic 
mercury (mixed with sulphur, if from the sulphide, etc.) All compounds of 
mercury, dry and intimately mixed with dry sodium carbonate, and heated 
in a glass tube closed at one end, give a sublimate of metallic mercury as a 
gray mirror coat on the inner surface of the cold part of the tube. Under the 
magnifier, the coating is seen to consist of globules, and by gently rubbing with 
a glass rod or a wire, globules visible to the unaided eye are obtained. 
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112 Arsenic. 

ABSENIC (AKSEincniH). 

365. A steel-gray, lustrous, brittle, and easily puivemable non-metallic element, 
vaporizing directly from the solid state at 856° C. (673° F.) in closed vessels ; the vapor 
being colorless, with a strong and oppressive alliaceous odor. It is slowly oxidized in 
moist (not in dry) air at ordinary temperatures, with formation of the black "suboxide," 
"fly-powder"; when heated in the air, it burns with a bluish flame, and becomes the 
white arsenious anhydride, AsaOs. It readily combines with chlorine and bromine upon 
contact, and with iodine and sulphur by aid of heat. It is not attacked by aqueous 
hydrochloric acid at ordinary temperatures, and but slightly when hot and concentrated 
and with air; it is slowly oxidized to arsenic acid by hot concentrated sulphuric acid, or 
more readily by nitric acid ; but its proper solvent is nitro-hydrochloric acid, or chlorine 
with water, by which it is oxidized to arsenic acid with violent rapidity (o). Hot solution 
of potassium or sodium hydrate dissolves it as arsenite (6) : 

a. 2Ab + lOCl + 8H2O = 2H3AHO4 + lOHOl 

h. Aa + SKOH. == KsAsOs + 8H 
Arsenic forms two important oxides, both acidulous (260) ; arsenious anhydride^ 
As^'aOs, representing a series of arsenious compounds and arsenites of metals, but form- 
ing no acid existing separate from water; and arsenic anhydride, As^jOs, forming 
arseniates of metals, and arsenic acids, and representing other arsenic compounds. Both 
these classes of compounds possess considerable stability ; the arsenious bodies acting as 
efficient reducing agents, and the arsenic substances, with less activity, as oxidizing 
agents. 

366. ARSENIOUS anhydride — having both crystalline and amorphous modifica- 
tions — is very slowly and sparingly soluble in cold water, much more quickly but quite 
sparingly soluble in hot water, the solution feebly reddening litmus ; freely soluble in 
hydrochloric aci/i, and somewhat soluble in sulphuric acid without combination ; readily 
soluble in alkali hydrates with combination (equation a); slightly soluble in alcohol, and 
soluble in glycerine. — Arsenioits chloride is wholly decomposed by water, with formation 
of arsenious oxide and hydrochloric acid (equation &), arsenious sulphide is very slightly 
soluble in pure water, insoluble in acidulated water, but soluble by combination in solu- 
tions of alkalies (c), alkaline carbonates (rf), and alkaline sulphides (e). — Arsenites of the 
alkali metals are soluble in water; of the alkaline-earth metals sparingly soluble, of mag- 
nesium insoluble; of all other metals, insoluble. The arsenites are decomposed— and, 
except those of first group metals, dissolved — ^by hydrochloric acid, and are decomposed 
and dissolved by nitric acid, without exception : 

a. ASsOs + 6KOH = 2E3ASO3 + 3HaO (with excess of alkali). 

b. AsOls -f 3H3O = HsAbOs -f 3HC1 

c. AsaSs -f 6EOH = KsAsOs -f EsAsSs + 3HaO 

d. AsaSs + SCNH^aOOa = (NH4)8A808 + (NH4)sA8S8 -f SCO, 

e. AsaSs + 3(NH4)3S = 2(NH4)8A8S3 (variable).* 



* Dibasic and monobasic, as well as tribasic sulpharsenites are formed in different conditions. Accord- 
ing to NiLssoN (JBericht. d. deut. ckem. Ges., IV., 989 ; Jour. Chem. Soc., X., 1872, 599), (NH4)HS always 
dissolves ASaSs as (NH4)aS (A8aS8)8- With yellow ammonium sulphide, the excess of S is left as a resi- 
due. When arsenious oxide, AsaOs, is fully saturated with alkalies, it forms tri-meiallic oxy-salts, the 
typical arsenites— as K3 AsOa, or (NH4)sAs03 (according to equation a) ; but when partially saturated 
with alkalies, di-metallic or monometallic arsenites may be formed— as "K^lSiAaQ^oT KHa ASO3. 
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In analysis, the second group precipitate of arsenious sulphide is separated, 
with antimony and tin, by solution with ammonium sulphide (455). The final 
determination, and separation from antimony and tin, are usually effected by 
production of arsenious hydride gas (Marsh's test) (373 and 377). 

367. Alkali hydrates and carbonates do not precipitate arsenious com- 
pounds from solution ; whereby arsenic is distinguished from the bases. 

368. Hydrosulphuric acid precipitates the lemon-yellow arsenious sul- 
phide, ASgSj. The precipitate forms promptly in acidulated solutions, the 
inost perfectly with hydrochloric acidulation ; being complete even in strong 
hydrochloric acid solution, but diminished by too strong nitric acid. It forms 
slowly in simple aqueous solution of arsenious acid, as a color rather than a 
precipitate ; being slightly soluble in pure water, but insoluble in acidulated 
water. It is not formed in solutions of alkali arsenites, except by acidulation. 
Citric acid and other organic substances hinder, but, in presence of much 
hydrochloric acid, do not wholly prevent its formation. Alkali sulphides 
produce, and by further addition dissolve, the precipitate. 

The arsenious sulphide is soluble in solutions of alkali hydrates, carbon- 
ates, and sulphides, as severally explained in 366. From all these alkaline sul- 
phidic solutions, acids reprecipitate the sulphide {a and h). By its solubility 
in solution of ammonium sulphide, it is separated with antimony and tin 
from the other members of group second ; and by its solubility in solution of 
ammonium carbonate, it is approximately separated from antimony and tin, 
in a process of separation which has been in common use (given in 459) : 

a. 2(NH4)3A8Ss + 6HC1 = AsaSs + 6NH4OI + 8H3S 

I, (NHOsAsOs + (NHOaAsSs + 6HC1 = As^Ss + 6NH4OI + 3HaO 

The color of the AsaSs distinguishes it from S, derived thus : 

c. (NH4)a8a + 2H01 = S + 2NH4OI + liaS 

The arsenious sulphide is also soluble in solutions of alkali sulphites with free sul- 
phurous acid (distinction, and a method of separation from antimony and tin, 461) : 

d. 2ASaSs + I6KHSO3 = 4KASO2 -f CKaSaOa + 3S + 7SOa + 8HaO 

Like metalloidal arsenic, the arsenious sulphide is insoluble in hydrochlorio acid — 
another means of separation f r om antimony and tin. It dissolves by nitric acid, and by 
free chlorine or nitro-hydrochloric acid, as arsenic anhydride, AsaOs, or arsenic acid, 
HsA804 — (equations e and /. Compare equation a, 365). Arsenious sulphide is not 
changed to arsenious oxide by any solvents. By nitric acid, As can be separated from 
Sb, Sn, Bi,etc. (460): 



e. AsaS. 


+ 


1001 


+ 


8HaO 


= 


2H,As04 


+ 38 


+ 


lOHOl 


/. SASaS, 


+ 


10HNO3 


+ 


4HaO 


= 


6H3A8O4 


+ 98 


+ 


lONO 



369. Thiosnlphates — as NaaSaOa — also precipitate, from boiling hydrochloric acid 
solution of arsenious acid, the arsenious sulphide (distinction from tin, 462) : 
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2H»A80» + SNaaSaO, = AsaSs + 3Na,S04 + SH3O 

870. Silver nitrate solution precipitates from neutral solutions of arsenites, 
or ammonio silver nitrate* from water solution of arsenious oxide, silver 
arsenite, AggAsO,, yellow, readily soluble in dilute acids or in ammonium hy- 
drate or ammonium salts (339) : 

(NHOsAbO, -I- 3AgNOs = AgsAsO, -f 8NH4NOS 

OrHsAsOs + SAgNOs + 3NH4OH = AgsAsO, + 8NH4NOS + 3H,0 

871. Copper sulphate solution precipitates from solutions of neutral 
arsenites, or ammonio copper sulphate (prepared as directed in note under 
370), precipitates from water solution of arsenious oxide, the green copper ar- 
senite, CttHAsO, or Cu3(A803)2 (Scheele's green), soluble in ammonium hy- 
drate and in dilute acids. Copper acetate in boiling solution precipitates the 
green copper aceto-arsenite (CuOAs303)3Cu(C3H30,), (Schweinfurt green), 
soluble in ammonium hydrate and in acids. Both these colors are often desig- 
nated as Paris green (277). For the reaction of Copper Salts with fixed alkali 
hydrate, see 385 d. 

872. In general, solutions of arseriites are precipitated by solutions of nor- 
mal salts of the metals, except those of the alkalies, and barium, strontium, 
and calcium (366). Normal magnesium salts form a white precipitate of mag- 
nesium arsenite. The precipitate is soluble in ammonium hydrate and ammo- 
nium chloride (distinction from arseniates). 

Ferric salts precipitate from arsenites, and recent ferric hydrate {used 
as a7i antidote), forms with arsenious anhydride, variable basic ferric ar- 
senites, scarcely soluble in acetic acid, soluble in hydrochloric acid. Water 
slowly and sparingly dissolves from the precipitate the arsenious anhydride ; 
but a large excess of the ferric hydrate holds nearly all the arsenic insoluble. 
To some extent, the basic ferric arsenites are transposed into basic ferrous 
arseniates, insoluble in water, in accordance with the reducing power of arseni- 
ous oxide. 

373. Arsenic is reduced to the elemental state by several methods of 
great analytical importance. 

^j the action of hydrogen generated in acid solution (Marsh's Method) 
it is reduced from all its soluble compounds, when it enters into a combination 
with hydrogen as arsenious hydride, AsH,, gaseous. The latter can be iden- 
tified by numerous reactions, and from it the arsenic can readily be obtained 
free. 

The hydrogen is generated by sulphuric acid diluted with 6 to 8 parts 
water, and zinc (both free from arsenic). Compare 233 a. The hydrogen re- 

* Prepared by adding ammoninm hydrate to the solution of silver nitrate, till the precipitate at fliBt 
produced is nearly all redissolved. 
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moves the oxygen, from either oxide of arsenic, by forming water, and then 
combines with the arsenic ; two atoms of hydrogen taking the place of one 
atom of oxygen : 

AsaOs + 12H = SHaO + 2AbHs 

or, including the zinc and sulphuric acid : 

HsAsOs + 3(Zn -|- HaSOO = 8ZnS04 + SHsO + AsH. 
H,Ab04 + 4(Zn + H3SO4) = 4ZnS04 + 4H3O + AsH, 

It will be seen that arsenious hydride cannot be formed in presence of free 
chlorine or other oxidizing agents, such as nitric acid, nitrates, chlorates, and 
hypochlorites. Sulphur and sulphites interfere ; also mercury salts (by amal- 
gamation of the zinc), and most organic substances. Free arsenic and arseni- 
ous sulphides are not acted on by the nascent hydrogen. With zinc, strong 
potassium hydrate or sodium hydrate may be used instead of acid, the 
action being slower. Sodium amalgam alone, in solutions neutral, acid, or 
alkaline, causes an abundant generation of arsenious hydride if arsenic is pre- 
sent. In the test made by sodium amalgam, in alkaline solution, cane sugar, 
and some other organic bodies do not interfere. 

The generation of arsenious hydride, by metallic magnesium, when done 
in strong solution of ammonium chloride, is a separation from antimony. 
The solution may be neutral or alkaline, but, for the separation, not acid. 

Metallic aluminium, in strong potassium hydrate solution, on warming, 
generates arsenious hydride from arsenical compounds (distinction and separa- 
tion from antimony). 

Phosphates interfere with the tests, in alkaline solutions, by sodium amal- 
gam, magnesium, and aluminium, causing formation of phosphorous hydride 
and blackening of the silver solution. 

374. Arsenious hydride (arsine) burns when a stream of it is ignited 
where it enters the air, and explodes when its mixture with air is ignited, like 
other combustible gases. It burns in a stream, with a somewhat luminous and 
slightly bluish flame (distinction from hydrogen) ; the hydrogen being first 
oxidized, and the liberated arsenic becoming incandescent, and then undergo- 
ing oxidation ; the vapors of water and arsenious anhydride passing into the 
air (a). If a piece of cold porcelain is held in the flame, the reduction of 
temperature prevents the oxidation of the arsenic, which is deposited in dark 
steel-gray spots , adherent to the porcelain, about which a little of the water of 
combustion condenses (J) : 



2A8Hs 


+ 


eo 


= 


ASaO, 


+ 


aH,o 


2A8H, 


+ 


80 


= 


2Ab 


+ 


8HaO 



In many particulars above mentioned, the combustion of arsenious hydride resembles 
that of the hydrocarbons of illuminating gas. /^ ^ ^ ^ I ^ 
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Arsenious hydride is an exceedingly poisonous substance ; the inhalation of the nn- 
mixed gas being quickly fatal. Its dissemination in the air of the laboratory, even in the 
small portions which are not appreciably poisonous, should be avoided. Furthermore, as 
it is recognized or determined, in its various analytical reactions, only by its decomposi- 
tion, to permit it to escape undecomposed, is so far to fail in the object of its productioiL 
The evelved gas should be constantly run into silver nitrate solution, or kept burning. 

375. Arsenious hydride is decomposed by heat alone. In passing through glass tubes, 
heated to incipient redness, the gas is decomposed, the arsenic adhering to the inner sur- 
face of the tube, beyond the heated part, as a steel gray mirror coating. This -coating is 
readily driven by the heat, is gradually dissipated by hot hydrogen gas, and imparts the 
garlic odor to the escaping hydrogen gas. The latter, if ignited, will generally deposit 
arsenic spots on porcelain, showing that the arsenic is not wholly retained in the tube. 

376. Both the mirror and the spots exhibit the properties of free arsenic (865). Liquid 
reagents are most convenient for application to the spots. The reactions of these deposits 
having analytical interest are such as distinguish arsenic from antimony. Further, see 
the comparison of these elements with others of the Nitrogen Series, 584. 



Comparison of Arsenic and Antimony, deposited firom AsH, and 



SbH,, 



Arsenic Spots. 

Of a steel-gray to black lustre. 
Volatile at 356° C. ; as arsenious acid, at 
218" C. 

Di^olve in hy pochlorite (a). 
Warmed~with a drop of ammonium sul- 
phide, form ;^ellow spots (868), soluble in 
ammonium carbonate, insoluble in hydro- 
chloric acid. 

(With a drop of hot nitric acid, dissolve 
lear (365). 
The clear solution, with a drop of solu- 
ion of silver nitrate, when treated with 
,' vapor of ammonia (from a glass rod moist- 
I ened with ammonium hydrate and held 
\ near), gives a brick-red or a yellow color 
/ (391). 
, With vapor of iodine, color yellow, by 
formation of arsenious iodide, readily vola- 
tile when heated. 

Arsenic Mirror. 

Deposited beyond the flame; the ga& 
being decomposed by a red heat (375). 

The mirror is driven at 356* C. ; it does 
not melt. 
V By vaporization in the stream of gas, 
\ escapes with a garlic odor. 



Antimony Spots. 

Of a velvety brown to black surface. 

Volatile in vacuo at^^Mteheat ; by oxida- 
tion, at a red heat. 

Do not dissolve in hypochlorite. 

Warmed with ammonium sulphide, form 
orange-yellow spots, insoluble in ammonium 
carbonate, soluble in hydrochloric acid. 

1'^ With a drop of hot dilute nitric acid, 
I turn white. 

1 The white fleck, treated with silver ni- 
I trate and vapor of ammonia, gives no color 
\ until warmed with a drop of ammonium 
' hydrate, then gives a black color. 



With vapor of iodine, color more or 
less carmine red, by formation of anti- 
monious iodide, not readily volatile by heat. 

Antimony Mirror. 

Deposited before, or on both sides of the 
flame ; the gas being decomposed consider- 
ably below a red heat (411). 

The mirror melts to minute globules at 
450' C, and then is driven at a red heat. 
\ The vapor has no odor. 
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By slow vaporization in a current of air By vaporization in a current of air, a 
(the tube open at both ends and held in- white amorphous coating is obtained — in- 
clined over the heat), a deposit of octahedral soluble in water, soluble in hydrochloric 
crystals is obtained above — if abundant, acid, and giving reactions for antimony, 
forming a white coating (366), soluble in 
water, the solution giving reactions for 
arsenic. 

a. The hypochlorite reagent— usually NaClO — decomposes in the air and light, by 
keeping.' It should instantly and perfectly bleach litmus-paper (not redden it). It dis- 
solves arsenic by oxidation, to arsenic acid : 

3A8 + 5Na010 -f SH^O = 2HaAa04 + 5Na01 

377. Wheii arsenious hydride is passed into solution of silver nitrate, 
the silver is reduced to metal (340) by the oxidation of both elements in the 
gas — the hydrogen to water, and the arsenic to arsenious acid, which remains 
in solution along with the liberated nitric acid (distinction from antimonious 
hydride, which precipitates silver antimonide, 411) : 

AsH, -f 6AgNO, + 8HaO = 6Ag -f HsAsOs -|- 6HNOs 

The reactions for the arsenious oxide formed in solution, should be ob- 
tained after filtering out the brown-black precipitate of silver, then adding a 
very little hydrochloric acid, that the silver in the undecomposed nitrate may 
be removed as chloride. From the filtrate, hydrosulphuric acid precipitates 
the sulphide, and arsenic may be quantitatively determined from the weight of 
this precipitate, after Marsh's Test. Reliance should not be placed on blacken- 
ing of the silver nitrate alone ; as this may be due to SbH,, or to H^S or 
to PH3. HjS woujd bo geiierated in the test, from sulphides ; and PH3, from 
hypophosphites or phosphites. 

If the material treated with zinc and dilute sulphuric acid be placed in a flask or 
large test-tube, and a paper moistened with silver nitrate be tied over the mouth, it will 
(on standing), be blackened by arsenious hydride. The interference of hydrosulphuric 
acid may be avoided by causing the gas to pass through cotton wool, moistened with 
solution of lead acetate, and carefully placed to fill the neck of the vessel, then left 
several hours. This operation may be relied on for negative results, in testing the purity 
of reagents, etc. 

The yellow silver arsemte (870) may be obtained as a distinctive test, with the silver 
nitrate left in solution, undecomposed by the arsenious hydride, after filtering out only 
the metallic silver, by the careful addition of ammonium hydrate, in repeated small por- 
tions, by the glass rod, till the nitric acid and arsenious anhydride are just neutralized : 

HsAbOs + SAgNO, + 6HNOa -f 9NH4OH - 

AgsABOs -f 9NH4NO, -f 9H9O 

Arsenious hydride received in nitrio acid is changed to HsAsOi, soluble in water 
(separation from antimony). 

378. Stannous chloride, SnOla, reduces arsenious and arsenic oxides, from hot con- 
centrated hydrochloric acid solution, asflocculent, black-brown, metalloidal arsenic, con- 
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taining three or four per cent, of tin (Bettendoef's Method). The arsenic, in solution 
with the concentrated hydrochloric acid, cbcts as arsenious chloride (366 h) : 

'2A801s + SSnOl, = 2Ab + SSnCh 

The hydrochloric acid should be 25 to 83 per cent. ; if not over 15 to 20 per cent., the 
reaction is slow and imperfect. Sulphuric acid with sodium chloride may be taken 
instead of hydrochloric acid : 

In a wide test-tube, place 0.1 to 0.2 gram. (2 or 3 grains) of the (oxidized) solid or soh- 
tion to be tested, add about 1 gram. (15 grains) of sodium chloride, and 2 or 3 cub. 
centim. (about one fluid drachm) of sulphuric acid, then about 1 gram. (15 grains) of 
crystallized stantious chloride ; agitate, and heat to boiling several times, and set aside 
for a few minutes. Traces of arsenic give only a brown color ; notable proportions give 
the flocculent precipitate. A dark-gray precipitate may be due to mercury (363, a), 
capable of being gathered into globules. If a precipitate or a darkening occurs, obtain 
conclusive evidence whether it contains arsenic or not, as follows : Dilute the mixture 
with ten to fifteen volumes of about 12 per cent, hydrochloric acid (equal parts of Fre- 
senius's Reagent and water); set aside, decant; gather the precipitate in a wet filter, 
wash it with a mixture of hydrochloric acid and alcohol ; then with alcohol, then with a 
little ether, and dry in a warm place. A portion of this dry precipitate is now dropped 
into a small hard-glass tube, drawn out and dosed at one end, and heated in the flame: 
arsenic is identified by its mirror (375), easily distinguished from mercury (363). Anti- 
mony is not reduced by stannous chloride; other reducible metals give no mirror in the 
reduction-tube. Small proportions of organic material impair the delicacy of this reac- 
tion, but do not prevent it: It is especially applicable to the hydrochloric acid distillate, 
obtained in separation of arsenic, according to 384. 

379. Metallic copper reduces arsenious oxide, from hydrochloric acid solution, as an 
iron-gray film or crust of arsenic with copper, 32 per cent, arsenic, or C'a5As2 (Reinsch's 
Method). The copper should be in bright strips, the solution hot, and the reaction 
awaited for some time. If much arsenic is present, the crust peels off in black scales. 
The crusts are not evidence of arsenic without further examination-raccording to 382, 
etc. — as antimony, silver, and other metals are reducible by copper. The film may be ob- 
tained and afterwards determined as arsenic, when but the 0.0(X)5 gram, is taken in pure 
hydrochloric acid solution. 

880. In Marsh's Test, a portion of the arsenic, reduced by the zinc to the 
elemental state, remains for a short time, while the arsenic is in excess in the 
solution, as a grayish-black film upon the zinc, if the generation of hydrogen 
be continued after the arsenic is all reduced, all the latter soon forms arsenious 
hydride. The deposition of antimony, in Marsh's Test, is much greater than 
that of arsenic. Also, if the operation be conducted in a platinum vessel or 
with platinum foil, in contact with the zinc, the reduced arsenic does not ad- 
here to the platinum as firmly as the reduced antimony (408). 

381. PotafMium cyanide, with sodium carbonate, reduces ai-senic from all its com- 
pounds, in the dry way : 

AasO, + 3KOy = 2Aa + SKCyO *v. 

A8,S, + 3KOy = 2Aa + 3KOyS 
A83S, + 3NaaOO. + 3KOy = 2Aa + 3NaaS + 3ECyO -f 800, 
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If this reduction be performed in a small reduction-tube with a bulb at the end, the 
reduced arsenic sublimes and condenses as a mirror (376) in the cool part of the tube. 
The presence of compounds of manganese, bismuth, zinc, or antimony, hinders this reac- 
tion, but does not prevent it. The test can be performed in presence of mercury com- 
pounds, but more conveniently after their removal; in presence of organic material, it is 
altogether unreliable. If much free sulphur is present, H. Rose recommends that the 
arsenic should be removed from it, by dissolving in ammonia, evaporating the solution to 
dryness, oxidizing to arsenic acid with hydrochloric acid and potassium chlorate (885), 
precipitating with ammonium hydrate and magnesium solution as arseniate (388): and 
washing and drying the latter for the test. 

The thoroughly dried substance is. mixed with six times its bulk of a dry mixture of 
equal parts of anhydrous sodium carbonate and potassium cyanide, and introduced into 
the bulb of the reduction-tube, which should not be over half filled. Heat the bulb very 
gently over the flame, and if water rises and condenses in the tube, thoroughly dry the 
bulb and tube — wiping the inside of the tube with twisted paper. Then heat strongly, 
while the tube is held inclined, finally to a full red heat. If arsenic is present, the mirror 
will be seen above the bulb, and can be tested, as stated in 376, etc. 

This operation becomes a more delicate test, and excludes antimony from the mirror, 
if the mixture be placed in a larger horizontal reduction-tube, drawn out narrow at one 
end, and connected at the other with an apparatus for generating and drying (Carbonic 
anhydride, which is passed over the substance during the reduction (Method op Feese- 
Nius AND Babo): 

Three parts of anhydrous sodium carbonate, with one of potassium cyanide, are taken, 
and ten or twelve parts of this mixture, to one part of the substance tested, the whole 
well mixed and thoroughly dried (in the water-oven). The reduction-tube should be 
about 1.25 centimeters (one-half inch) wide and 10 to 15 centimeters (four to six inches) 
long, besides the drawn out part. At the end not drawn out, it is connected with a small 
wash bottle, for sulphuric acid, and this connected with the flask for generating carbonic 
anhydride with marble and dilute hydrochloric acid. The dried mixture is introduced 
into the middle of the reduction-tube, by aid of a paper gutter ; the connections made, 
and the substance again dried by gentle heat. When the atmosphere is expelled and a 
steady stream of carbonic anhydride is passing through the apparatus, heat the tube 
between the mixture and the drawn out end to redness, and then heat the mixture gradu- 
ally to redness of the tube, driving the mirror to the narrowed portion of the tube. 
Finally, detach the tube, close the small end in the flame, and advance the heat up to 
the mirror. 

382, Charcoal reduces arsenious oxide very readily, by heat in the glass tube. A 
small hard-glass tube is drawn out at one end, the extremity closed in the flame, and a 
particle of the well-dried material dropped into the tube, so that it will fall to the end of 
the narrow part. A fragment of recently burned charcoal is pushed down nearly to the 
substance, and heat applied, first to the charcoal and then to the substance, to redness. 
The mirror forms just above the heated part, and may farther be tested as stated in 376. 
During the reduction, the garlic odor is observed. 

All compounds of arsenic, heated with sodium carbonate on charcoal, and all oxidized 
compounds heated on charcoal alone, present the odor of arsenic. 

Non-oxidized forms of arsenic, heated in air, as in a glass tube open at both ends, 
oxidize to arsenious anhydride (865) ; and the latter substance sublimes in the tube, pro- 
ducing a white coating of microscopic octahedral crystals. 

383. If dry arsenious anhydride is heated with dried sodium acetate, in the bulb of a 
small reduction-tube, arsen-dimethyl oxide, or cacodyl oxide, A8a(OH8)40, is produced 
and recognized by its intensely offensive odor: ^ , 
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AaaO, + 4KOaH,Oa = Aa^COH,)*© + 2KaOO, + 200, 

384. Arsenic is removed from mixture with metallic salts and non-volatile acids, and 
obtained in a concentrated form, by distilling the mixture with concentrated hydrochloric 
acid— or sodium chloride and sulphuric acid — when arsenioua chloride passes over at 132' 
C. (270** F.), and condenses with hydrochloric acid. (Regarding arsenic acid, see 395.) 
A flask over a sand-bath, with a tube passing through the stopper and then inclined 
downwards to a small receiving flask set in a vessel of cold water, constitutes a sufficient 
apparatus. The distillate may be examined according to 378. 

885. Arsenious compounds are oxidized to arsenic compounds by a large 
number of oxidizing agents. As already stated (365 and 368 e,/), the sol- 
vents of elemental arsenic, and of arsenious sulphide, produce pentad arsenic 
compounds. Among the oxidations of arsenious compounds most used in 
analysis, are those by action of chlorine or bromine (a), iodine (J), nitric acid 
(c), copper sulphate with free fixed alkali (c?), and permanganates (e). For 
other oxidations, see 843. 

a. HsAsO, + 201 + H^O = H8A8O4 + 2H01 

b. HsAsOs +21 + HaO = H,A804 + 2HI 

c. SHsAsOs + 2HN08 = SH^AsO* + 2NO + HaO 

d. EsAsOa + 20ll(0H)a = E3ABO4 + OUa(OH)a + H9O 

e. SHsAsOs + 2EMn04 -f 6H01 = 6H3As04 + 2M]iCla + 2K01 + 3HaO 

386. ARSENIC oxide, or anhydride, AsaOs, is a white amorphous solid, melting at 
incipient red heat, and at full red heat vaporizing by decomposition into the volatile 
arsenious oxide and oxygen. — It is not directly soluble in water, but in contact with 
water it gradually forms its hydrates, the arsenic acids — tribasic, HsAs04 or 
SHaO-AsaOs; dibasic, H4A83O7 or 2HaO.Asa06; and monobasic, HAsOs or HaO.AsaOs 
— all of which are freely soluble in water, and soluble in alcohol ; the solutions reddening 
litmus, and decomposing carbonates with effervescence. Arsenic anhydride slowly 
deliquesces in air, by formation of hydrates. — The monobasic and dibasic hydrates in 
contact with water gradually form tribasic hydrate ; in fact, as acids, none of them are 
(like the phosphoric acids) definite and stable salts of hydrogen ; but they represent three 
definite and stable series of metallic arseniates, which closely correspond in composition 
and in properties with the three classes of metallic phosphates (705). Of these, the tri- 
basic arseniates— represented by H3A8O4 — have the greatest importance. They are tri- 
metallic, as KsAs04 ; di-metallic, as EaHAs04 ; and mono-metallic, as EHa ASO4. 

The arseniates of the alkali metals are all soluble in water; only the mono-metallic 
arseniates of the other metals are soluble in water, but their di- and tri-nietallic arseniates 
are soluble in arsenic acid (as mono-metallic salts) and in the stronger mineral acids (by 
decomposition). In acetic acid, they dissolve with more or less difficulty; many of them 
are soluble in solutions of ammonium salts. 

In analysis, the formation of arsenious hydride occurs alike with pentad and 
triad arsenic (397). For distinctions from arsenious compounds, see 398. 

387. Hydrosulphuric acid precipitates, very tardily, in solutions of 
arsenic acid or acidulated arseniates, the yellow arsenious suljpMde, with free 
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sulphur, ABjS, + S,. In the cold, addition of solution of hydrosulphuric acid 
causes no appreciable immediate effect (distinction from arseuious acid) ; but, 
by treatment with the gas for 12 to 24 hours, better at about 70° C. (160° F.), 
all the arsenic can be thrown down. Also, more readily, by previous reduc- 
tion, according to 394. The precipitate has the properties stated in 366 and 
368, with the additional properties of free sulphur, which in its recent condi- 
tion is taken up by alkali hydrates. 

Ammoniuin sulphide precipitates solutions of arsenic acid, more rapidly 
than is done by hydrosulphuric acid, as arsenic sulphide, -^s^S^ — readily solu- 
ble in excess of the reagent, as ammonium sulpharseniate, (NH^),AsS^. 

TMosulphates react as with arsenious compounds (369), free sulphur 
being separated, 

V/hen the precipitate of As^S, + S, is dissolved by alkali sulphides, sulph- 
arsenitt^esare formed, as K^AsS^ or 3K3S.As3Sj, and K^As^S^ or 2K,S.ASj,S^, 
variably tribasic and dibasic. Thus : 

Aa,Ss.Sa + 2(NH4)aS = 2(NH4)aS.AsaS5 [= (NH4)4A82St] 

Dilute ammonium hydrate, and ammonium carbonate, however, dissolve the 
arsenious sulphide as sulpharsenzYe and arsenite (366 d)^ leaving the free sul- 
phur undissolved. 

388. Magnesium salts with ammonium chloride, and free ammonium hy- 
drate precipitate ammonium'magnesium arseniate, MgNH^AsO^, white, easily 
soluble in acids (distinction from arsenites). The reagents should be first 
mixed together, and used in a clear solution^^ — " the magnesium mixture '' — ^to 
make sure that enough ammonium salt is present to prevent the precipitation 
of magnesium hydrate, by the ammonium hydrate. The precipitate forms 
slowly and with crystallization, but completely. Compare with the corre- 
sponding ammonium magnesium phosphate (117). 

389. Solution of barium hydrate precipitates solution of arsenic acid partially, and 
solution of alkali arseniates almost completely, as barium arseniate^ BaHAs04, from 
dimetallic solutions, and Ba3(A904)a from monometallic. The precipitate is sparingly 
soluble in water If ammonium hydrate is added with the baryta, the ammonium- 
banum arseniate, BaNH4As04, is precipitated, insoluble in water, and not made soluble 
by ammonium salts or by ammonium hydrate (distinction from arsenites) 

The tri- and di-metallic calcium arseniates are insoluble in water; the ammonium 
calcium arseniate, CaNH4A804, is sparingly soluble. 

390. Salts of the third and second group metala precipitate solutions of arsenic acid 
but slightly, but precipitate solutions of tri-metallic and di-metallic alkali arseniates 
completely (as, respectively, tri-metallic and di-metallic arseniates) — in accordance with 
the solubilities of arseniates stated in 886. 

391. Silver nitrate solution precipitates neutralized arsenic acid as silver arseniate, 
Ag3As04, reddish-brown ; the solubilities and conditions of precipitation being the same 
as for the arsenite (370). 

Copper sulphate solution precipitates solutions of arseniates as copmr arseniate, 
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OuHAsOt, greenish-blue, the solubilities and conditions of precipitation being the same 
as for the arsenites (371). 

392. Penic salts, with alkali acetates, precipitate, from solution of arsenic acid, or 
from acidulated solution of arseniates, ferric arseniate, FeaCAsO^a, yellowish-whit^;, 
insoluble in acetic acid (compare equation in 188). Ferric salts alone precipitate, from 
dimetallic arseniates, two-thirds metallic ferric arsjeniate, PeaH8(As04)8. 

393. Ammonium Molybdate (NH4)aMo04, in nitric acid solution, gives a yellow pre- 
cipitate of ammonium arsenio molybdate, of variable composition. Compare Phospho- 
molybdates (494). 

394. Reducing agents change arsenic compounds either into arseniot^s compounds 
only, or into elemental arsenic. Sulphurous acid and sulphites (a), thiosulphates (b), 
hypophosphites (c), oxalic acid (d), stannous salts (a), and ferrous salts in concentrated 
hydrochloric acid solution at 132° C. (/), reduce arsenic acid to arsenious acid without 
farther change; also, the precipitation of arsenic acid as arsenious sulphide involves 
reduction by hydrosulphuric acid — a reduction precisely correspondiug to that of ferric 
salts in their precipitation as ferrous sulphide. For the study of reductions of pentad 
arsenic, see 844. 

a. H3ASO4 -f HaSOs = HsAsOs + HaS04 

b. HsA804 + NaaSaOs = HsAsOs + Na8S04 -f S 

c. 2H8ASO4 + NaHaPOa = 2H8AsOs + NaH3P04 

d. H8ASO4 -f Ha0304 = HsAsOs -|- HaO + 200a 

e. H8ASO4 + SnOla + 2HC1 = HaAsO. + BnOU + HaO 
/. H8A8O4 + 2Pe01a -f 5H01 = PeaOl. + 4HaO + AsOl, 

395. By reaction /, of the preceding paragraph, we are enabled to remove the arsenic 
in arsenic acid, from mixture of non-volatile inorganic salts and acids, by distillation of 
a/rsenioua chloride — as directed for arseniot^ acid, in paragraph 384. In presence of 
water, neither heat with hydrochloric acid alone, nor ferrous salts without heat, convert 
arsenic acid to arsenious chloride. The hydrochloric acid should be as strong as 25 per 
cent. ; otherwise, sodium chloride and concentrated sulphuric acid should be used instead. 

396. Arssnic acid vaporizes by decomposition at a low red heat (as stated in 386) ; but, 
in absence of reducing agents, the arseniates of the alkali metals bear full ig^tion with- 
out change. In the removal of organic matter by combustion, excess of potassium nitrate 
must be added to counteract the reducing influence of the carbon. After fusion as 
sodium arseniate, antimony is separated by insolubility, according to the plan in 463. 

397. The reducing agents which separate metalloidal arsenic from a/rsenious com- 
pounds, effect the same result with arsenic acid, though not quite so readily. The ana- 
lytical methods described in 373 to 383, inclusive, have all been given for arsenious and 
arsenic oxides alike. In solution of arsenic acid in water, without other aeid, zinc and 
other metals do not effect reduction, but are' dissolved as acid arseniates with evolution of 
hydrogen : 

Zn -f 2H8ASO4 = ZnH4(As04)a + 2H 

398. The reactions distinguishing between arsenious and arsenic acids 
have been described : action of arsenious acid as a reducing agent, 385 ; the 
precipitation of ammonium earth-metal arseniates, 388; of arsenio molybdate, 
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393; the slow precipitation of arsenic acid by hydrosulphuric acid, 387; the 
colors of the silver salts, 370 and 391, and of the copper salts, 371 and 391. 



ANTIMONY. 

399. A lustrous, bluish-white, brittle, and readily pulverizable metal, fusible at 425* 
C. (797° F.), and slowly volatile at a white heat. — It is but little tarnished in dry air; in 
moist air it ozidizes slightly, with formation of a blackish-gray mixture of metal and 
antimonious oxide ; when melted, it oxidizes quickly, and at a red heat it bums with a 
white light, and white, inodorous vapors — the formation of the antimonious oxide, SbsOs. 
— Boiling concentrated hydrochloric acid slowly dissolves powdered antimony (a), but 
when in the compact state it resists that acid ; boiling concentrated sulphuric acid slowly 
converts it into antimonious sulphate with evolution of sulphurous anhydride (ft) ; nitric 
acid rapidly oxidizes it, the dilute acid forming chiefly antimonious oxide (c), the con- 
centrated forming mostly Sb304 and antimonic anhydride (d) — these oxides being in- 
soluble in the dilute, slightly soluble in the concentrated acid ; nitro-hydrochloric acid 
rapidly converts the metal into soluble antimonious chloride and insoluble oxides (e) ; but 
if the nitric acid be added to the hydrochloric acid in very small portions during the 
solution, only the antimonious chloride is formed (/). Boiling solution of tartaric acid 
slowly dissolves precipitated antimony {g). Alkalies do not dissolve it. 

a. Sb + 3H01 = SbOla + 3H 

J. 2Sb + 6HaS04 = Sba(S04)8+ 6H2O + 380, 

c. 2Sb + 2HNO, = SbaO. + HjO + 2NO 

d. 6Sb + lOHNO. = SSbaO* + 5HaO + lONO (460) 
and 3Sb + 4HNO, = 3SbOa + 2HaO + 4NO 

e. Sb 4~ 3C1 = SSbOls, then, with a part of this solution : 

2SbOl3 + 8H,0 = Sba03 + 6H01 

also:2Sb + lOCl + 5H,0 = SbsO* + lOHOl 

/. Sb + Cla = SbOls 

g. 2Sb + Ha(04H40«) + 2H2O = (SbO)a(04H40«) + 6H 

400. Antimony forms two typical oxides, each having corresponding salts; anti- 
monious oxide, Sb^'aOa, representing the metal as a feeble base ; and antimonic anhy- 
dride, SbVgOe, which does not form a stable acid, but unites with bases, though with less 
electro-negative power than the corresponding compound of arsenic. 

401. ANTIMONIOUS oxide is slightly soluble in water, insoluble in 
alcohol ; freely soluble, by full or partial combination, in aqueous solutions of 
tartaric (a), hydrochloric (J), and other acids, not in nitric acid ; soluble in 
strong solutions of alkalies. The chloride is very deliquescent, and freely 
soluble in water acidulated with hydrochloric acid or with tartaric or citric 
acid, soluble in aqueous solution of sodium chloride and soluble ^ alcohpl. 
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The bromide requires tolerably concentrated hydrobromic, and the iodide, 
quite concentrated hydriodic acid, lor solution. The sulphates require moder- 
ately concentrated sulphuric acid for solution (compare 261 ; and see, further, 
402). The tartrate is soluble in water without acidulation; the potassium an- 
timonious tartrate, soluble in water, and in glycerine, insoluble in alcohol. 

a. SbaOs -h Ha(04H40«) = (SbO)a(04H40.) + HaO 

ft. SbaOs -h (6+»)H01 = 2SbOl8 + 3HaO -f nHOl 

In analysis, antimony sulphide is separated*, with arsenic and tin sulphides, 
from other second group precipitates, by solution in ammonium sulphide (455). 
The separation from arsenic and tin is eff'ected through antimonious hydride 
(40^ and 41 1). 

402. Water decomposes the acidulated solutions of antimonious salts, 
with precipitation of a portion as basic salt, and the separation of acid, which, 
restoring the acid strength lost by dilution with the water, holds the other 
portion of the original salt in solution. In solution of the chloride, SbCl,, 
the basic salt precipitated by water is the white antimonious oxychloride, 
SbOCl, " Powder of Algaroth " : 

SbOl. + H,0 = SbOOl + 3H01 

The composition of the precipitate is variable, however, each addition of 
water removing more hydrochloric acid, and leaving the precipitate nearer to 
the normal oxide. For example : 

aSbOla + 4HaO = Sb30401 + 8H01 

The precipitate is soluble in tartaric acid (distinction from bismuth, 288). 
In presence of sufficient tartaric or citric acid, water does not decompose anti- 
monious chloride ; the tartrates of antimony, and of antimony and potassium, 
being dissolved by water without decomposition. The water solution of tar- 
trate is liable to precipitation of basic salt by hydrochloric, sulphuric, and 
nitric acids. 

403. Solutions of the fixed alkali hydrates precipitate, from the acidu- 
lated solution of antimonious chloride or of other inorganic antimonious salt, 
in absence of tartaric and citric acids, the white and bulky antimonious oxide, 
Sb^O,, quite readily soluble in excess of the reagents, more quickly by heating: 
soluble in solution of fixed alkali carbonates when heated, but scarcely at all 
in the cold ; insoluble in ammonium hydrate. The precipitate is slightly solu- 
ble in \yater, and becomes crystalline after warming, if no alkali hydrate is 
present. It dissolves readily in solution of tartaric acid (401 a), also in that 
of potassium hydrogen tartrate (a). 

The solution of antimonious oxide by alkalies is due to its combination with them, 
acting as a feebly acidulous anhydride and forming antimonites, which are found to be 
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monobasic, so far as capable of isolation (&). Sodium antimonite, NaSbOs, is the most 
stable and least soluble in water: potassium antimonite, ESbOa, is freely soluble in 
dilute potassium hydrate solution, but decomposed by pure water. By long standing (24 
hours), a portion of the antimonious oxide deposits from the alkaline solution, and the 
presence of alkali hydrogen carbonates causes a nearly complete separation of that oxide 
(equation c, 404): 

a. SbaOa + 2KH(04H406) = 2KSbO(04H40«) + HaO 

b. 2SbOl8 + 6KOH = SbaOa + 6K01 + 8H2O 

SbaOs 4- 2KOH = 2ESbO, + HaO 

Or: SbOla + 4KOH = KSbOa + 3K01 + 2HaO 

Ammonium hydrate gives the same precipitate, SbgOj, scarcely at all 
soluble in excess. 

404. The alkali oarbonates likewise precipitate antiinonious oxide {a) 
soluble in a strong excess of the fixed alkali carbonates when warmed ifi) 
(distinction from tin) ; insoluble in excess of ammonium carbonate (distinction 
from antimonic oxide). The solution in fixed alkali carbonates deposits anti- 
monious oxide on cooling and standing (c) : 

a. 2SbOl8 V + 3KaOO» = SbaOs + 6K01 + 3OO9 

&. SbOls + 4Ea003 + 2HaO = KSbOa + 3K01 + 4EHCO3 

c, 2ESbOa + 2EHC08 = SbaOs + 2Ea008 + HaO 

405. HydrosTilphuric acid precipitates, from not too strongly acidulated 
solutions of antimonious salts, the orange-red aritimonions sulphide, Sb^Sg 
(hydrated), slightly soluble in pure water, insoluble in w^ater containing H^S. 
In neutral solutions (tartrate) the precipitation is imperfect, non-acidulated so- 
lution of the potassio tartrate being only colored ; in strong hydrochloric acid 
solutions and in strong alkaline solutions, the precipitation is prevented. Al- 
kali sulphides give the same precipitate, soluble in excess of the reagents (a), 
then reproduced by acids as antimonic sulphide (b). The antimonious sul- 
phide is soluble in fixed alkalies (c) ; in alkali sulphides, more readily if 
they contain excess of sulphur (a) and quite difficultly in normal (colorless) 
ammonium sulphide; only slightly soluble in ammonium hydrate and scarcely 
at all soluble in ammonium carbonate (distinction and separation from ar- 
senic, 368) ; slowly soluble by boiling solution of fixed alkali carbonate (rZ) 
(distinction from tin) ; soluble in hydrochloric acid, either moderately dilute 
or stronger (separation from arsenic, 368) (e) ; soluble in nitro-hydrochloric 
acid (f) ; insoluble in solutions of acid sulphites (distinction from arsenic, 
461); left insoluble by nitric acid (separation from arsenic, 460). 

In the solutions in alkali sulphides, the antimonious sulphide exists as alkali stilpho- 
salt; sulphantimoniate when from action of yellow ammonium sulphide (equation a):! 
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a, SbaSs + 8(NH4)sSa = 2(NH4)3SbS« + S 

2(NH4)3SbS4 + 6H01 = SbaS^ + 6NH4CI + 8H,S 

= NaaSbSs + NaSbO. + 2H,0 

= NasSbS, + NaSbOa + 200a 
= 2SbOl3 + 3HaS 
= 2SbCl3 + 3S (dissolving as Ha SO4) 

+ 5HaO = SbaO. + lOHOl + 8S 

406. Thiosulphates — as NaaSaOs — likewise precipitate cmtimonious sulphide (separa- 
tion of arsenic and antimony from tin, 462) : 

2SbOl3 + SNaaSaOs + 8HaO = SbaS, + 8NaaS04 -h 6H01 

407. Potassium cyanide gives a white precipitate. — Ferrocyanides (in absence of 
tartaric acid) give a white precipitate, insoluble in acids. — Ozalio acid (in absence of 
tartaric acid) gives a white crystalline precipitate, forming slowly but completely. 
Potassium iodide with hydrochloric acid in antimonious solutions gives only a yellow 
color — ^no free iodine {distinction from aniimonic acid, see 423). 

408. Antimonious oxide is reduced to the elemental state by agents, and with re- 
actions, similar to those effecting the reduction of arsenious oxide. 

Stannous chloride, however, does not reduce it (distinction from arsenic). 

The metals : magnesium, zinc, iron, cadmium, lead, tin, copper, and bismuth, pre- 
cipitate from antimonious solutions (in absence of nitric acid) the brown-black metallic 
antimony : 

2Sb01, + 82n = 2Sb + SZaOh 

If antimony be reduced from a dilute hydrochloric acid solution by zino, on platinum 
foil or in a platinum dish, the larger portion of the antimony is deposited as a brown or 
black adherent coating or stain on the platinum, while a portion passes off as antimonions 
hydride along with free hydrogen. The stain is removed by warm nitric, not by hydro- 
chloric acid. In this test, tin deposits as a loose, spongy mass, soluble in hydrochloric 
acid (484), and arsenic does not closely adhere to the platinum 1 



409. If hydrogen be generated, more abundantly than in the operation 
last mentioned, by zinc with dilute sulphuric or hydrochloric acid, in a Marsh's 
apparatus, a smaller portion of antimony is"d«kp<Dsited with the zinc, while 
antimonious hydridey SbH,, is obtained for examination (compare arsenic^ 
373): 

SbaO, + 6Zn -I- 6H,S04 = 6ZnS04 + 8H3O + 2SbH, 

SbOla + 32n + 8H01 = 8Zn01a + SbH, 

410. Antimonious hydride bums with a luminous and faintly bluish-green 
flame, dissipating vapors of antimonious oxide and of water (a) ; or depositing 
antimony on cold porcelain held in the flame, as a lustreless brownish-black 
spot (J). The gas is also decomposed by passing through a small glass tube 
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heated to low redness, forming a lustrous ring or mirror in the tube. The 
spots and mirror of antimony are compared yrith those of arsenic in 376. 

a. 2SbH8 + 60 = SbjOa + 8HaO 
h. 2SbH8 -I- SO = 2Sb + SHsO 

411. When the anti7nonious hydride is passed into a solution of silver 
nitrate, the silver is reduced hy the hydrogen, leaving all the antimony with 

• the silver, as silver antimonide, Ag^Sb, a black precipitate (distinction from 
arsenic, which enters into solution, 377) : 

SbH, + SAgNO, = Ags8b -f 3HNOa 

If the precipitate be removed and washed free from undecomposed silver 
salt (and arsenious acid, if that be present), the antimony may be dissolved out 
by boiling ybr some time with concentrated solution of tartaric acid (399^). 
Also, hydrochloric acid, more readily, dissolves the antimony from AgjSb, 
though it cannot dissolve uncombined antimony. The solution consists of an- 
timonious chloride, leaving AgCl. The solution may be tested for antimony 
by hydrosulphuric acid. Also, SbH, received in nitric acid changes to Sb^O^, 
insoluble in water (separation from As). 

412. All compounds of antimony are completely rednced in the dry way 
on charcoal with sodium carbonate, more rapidly with potassium cyanide ; the 
metal fusing to a brittle globule (compare 399). The reduced metal rapidly 
oxidizes, the white oxide rising in fumes, and making a crystalline deposit on 
the support. The same white oxide is formed on heating antimony or its sul- 

• phides in a glass tube (h). The equations for reduction correspond to those 
given for arsenic, in 381. 

413. The oxidation of antimonious compounds to antimonic compounds 
requires strong oxidizing agents ; that is, antimonious oxide is not a powerful 
reducing agent. A list of its oxidations is given in 841. The action of nitric 
acid and chlorine has been stated in connection with metallic antimony (399 d 
and e). Silver oxide (414), gold chloride (415), chromic acid (416), and per- 
niana^anates, oxidize antimonious compounds, their reactions (especially the 
first-named), giving us delicate tests in distinction from antimonic compounds. 
For distinction of antimonic compounds, see, also, the oxidizing action of anti- 
monic acid on iodides. in 423. 

414. Solution of silv^ nitrate — with the potassium or sodium hydrate solution of 
antimonious oxide, ESbOa — gives a black precipitate of argentou8 oxides Ag40 (see equa- 
tion), insoluble in ammonium hydrate, and mixed with gray argentic oxide, which is 
dissolved out by the ammonia. If chlorides are present in the solution, the silver chlo- 
ride produced will also dissolve in ammonium hydrate, leaving only the black argentous 
oxide. Now, the alkaline antimonia^es, formed if antimonic compound was present in 
the substance taken in this test, precipitate white silver antimoniate, soluble in ammonium 
hydrcUe (leaving still the evidence of antimonious compounds) : 

KSbOa + 2Ag20 (see 830) = Ag40 + KS>p. 
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Silver nitrate, in acid solution of antimonious chloride, precipitates Sb^Os with 
AgOl, the latter dissolving in ammonium hydrate, and leaving the former (no oxidation 
of the antimony being effected) : 

2Sb01, + 6AgNO, + 3HaO = Sb,Oa + 6Ag01 + 6HNO, 

In solution of potassium antimonious tartrate^ silver nitrate precipitates only silver 
tartrate, soluble in ammonium hydrate, the antimonious oxide being held in solution as a 
tartrate. Thus : 

2KSbO(04H40.) + aAgNOa = Ag2(04H406) + (81^0)^0,^,0.) + 2KNO3 

416. Solution of auric chloride, AuOls is reduced, in boiling (acid) solution of anti- 
monious chloride, to metallic gold, as a yellow precipitate, mixed with antimonic ozide 
as a larger bulk of white precipitate, unless much excess of hydrochloric acid is present to 
hold antimonic chloride in solution (420) : 

4Au01, + SSbaOa + 6H.O = 4Au + SSbaO* + 12H01 

416. Chromic aoid— obtained with EaOraOT + 2H01— is reduced to chromic salt, 
CraOle, by acid antimonious solutions ; the liquid turning green, and antimonic oxide, 
SbaOs, being precipitated or left in solution— as a sparing or abundant excess of acid is 
present (420). 

417. ANTIMONIC oxide, or anhydride (see 400), is a yellowish powder, 
but slightly soluble in water ; soluble in concentrated hydrochloric acid and in 
tartaric acid, scarcely at all in nitric acid. Antimonic chloride, SbCl^, is com- 
pletely decomposed by water; the sulphide, Sb^S^, insoluble in water. 

There are two hydrogen antimoniates or acids: antimonic acid, H30Sb205 or BSbOa, 
monobasic; Sind m^tantimonic acid (H20)aSba05 or H4Sba07, dibasic, or isomeric with 
antimonic acid and monobasic ; the former being produced when antimony is dissolved 
by excess of nitric acid (399 d), or when an antimoniate is decomposed by a stronger acid 
(420) ; the latter being formed in the decomposition of antimonic chloride by water. Free 
metantimonic acid holds (HaO)a in addition to the basic water. 

418. Antimonic a^id (ordinary modification), HSbOa, is sparingly soluble in water, 
reddens litmus, and dissolves in concentrated hydrochloric acid, or, slowly, in a larg-e 
proportion of water acidulated with that acid ; also in tartaric acid. It dissolves, by com- 
bination, with cold solution of potassium hydrate, but not in cold solution of ammonium 
hydrate. By fusion with potassium hydrate it is changed to a salt of metantimonic acid. 
— Metantimonic acid, dibasic H4Sb207 or (H20)aSb206, and monobasic HSbOs, is more 
soluble in water, in acids, and in ammonium hydrate, than antimonic acid, its isomer, 
into which it easily changes. 

The normal antimoniates — as KSbOs— are all insoluble in water, except a hydrated 
potassium antimoniate, and this is made anhydrous and insoluble by boiling in solution. 
The super-antimoniates, as K20(SbaOft)9, are all insoluble in water. The dibasic metan- 
timoniates — as (K20)aSb906 — are insoluble in water, but the potassium and the ammo- 
nium salts dissolve intact in water containing much alkali hydrate. All dibasic metanti- 
moniates are decomposed by pure water with formation of monobasic metantimoniates — 
as K20Sba06 or KSbOs — ^isomeric with the normal antimoniates. Of the monobasic met- 
antimoniates, only those of potassium and .ammonium are soluble in water. 

419. The monobasic potassium metantimoniate, or "granular antimoniate of potas- 
sium," ESbOs, is used as a precipitant for sodium (48), and is prepared by fusing anti- 
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monic acid with large excess of potassium hydrate; then dissolving, filtering, evaporating, 
and digesting hot, in syrupy solution, with large excess of potassium hydrate, best in a 
silver dish, decanting the alkaline liquor, and stirring the residue to granulate, dry. This 
reagent must be kept dry, and dissolved when required for use ; inasmuch as, in solution, 
it changes to the dibasic metantimoniate, which does not precipitate sodium. The re- 
agent is, of course, not applicable in acid solutions. 

•420. Slight additions of water precipitate the concentrated hydrochloric 
acid solutions of antimonic acid, or antimonic chloride, as dibasic metantimonic 
acid^ (B[20),Sb,0g or H^SbjO, (417) ; the precipitate being sparingly soluble 
in the acidulated liquid. — Acids precipitate, from solutions of alkali anti- 
moniates and metantimoniates, the corresponding antimonic acid^ HSbOg or 
H^Sb^O,. Tartaric acid prevents these precipitations. 

421. HydrosiQphuric acid and sulphides precipitate the orange-colored 
antimonic sulphide^ Sb^S^^, having the solubilities stated for antimonious sul- 
phide, in 405 — antimontc compounds forming in the solution. Both dibasic 
and tribasic sulphantimoniates are formed. The typical, tribasic salts occur as 
follows : 

SbaSs + 3(NH4)2Sa = 2(NH4)3SbS4 + 8S (Compare 405, a.) 

SbaSft + 6H01 = 2Sb01s + 2S + SHaS ( " 405, e.) 

SbaSs + 601 = 2SbOl8 -|- 5S ( " 399, e.) 

Or: SbaS* + lOOl + 5HaO = SbaO* + lOHOl + 58 

422. Antimonic acid is reduced to metal by all the reducing agents stated 
for antimonious oxide in 408, having the same behavior with zinc and platinum, 
and in Marsh's test: 

SbsOft + 8(Zn + HaSO*) = SZnSO* + 5H2O + gSbHs 

Stannous chloride reduces antimonic to antimonious compounds, but, as stated in 
408, does not reduce the latter : 

SbOlfi + SnCHa = SbOl, + SnOl* 

423. Antimonic acid is reduced to antimonious iodide by hydriodic acid, as follows 
(distinction from antimonious compounds, 407): 

SbOl* + 5KI = Sbia + 21 + 5K01 

If potassium iodide is added to hydrochloric acid solution of antimonic compounds, 
a dark brown precipitate of iodine appears; if only antimonious compound is present, the 
solution is colored yellow, but remains clear. In both cases, free hydriodic acid is 
formed. If the proportion of antimonic compound be very slight, the liberated iodine 
will still be revealed by its violet color in the subsiding layer, after agitation with carbon 
disulphide and subsidence. Of course, the liquid and the hydrochloric acid must be 
strictly free from uncombined chlorine, and the iodide must contain no iodate — that is, 
the two reagents must not precipitate each other. 

424. By ignition, in the absence of reducing agents, antimonic acid and 



130 



Tin. 



anhydride are reduced to antimonious antimoniate, SbjO^SbjOg ; or SbO,, 
antimony dioxide; otherwise given as Sb^O^; a compound unchanged at a red 
heat, and obtained for quantitative determinations. 

425. The antimoniates of the fixed alkali metals are not vaporized or decomposed 
when ignited in absence of reducing agents. Hence, by fuBion in the crucible with soda 
and oxidizing agents — i.e., with sodium nitrate and carbonate— the compounds of anti- 
mony, and of arsenic (396), are converted into non-volatile sodium metantimoniate and 
arseniate, Na4Sb30T, and NasA804. If now the fused mass be digested and disintegrat- 
ed in cold water and filtered, the antimoniate %8 separated as a residue (NaSbOa— 418), 
while the arseniate remains in solution with the excess of alkali. The operation is much 
more satisfactory when the arsenic and antimony are previously fully oxidized^as by 
digestion with nitric acid — as the oxidation by fusion in the crucible is not effected soon 
enough to retain all of the arsenic or antimony which may be in the state of lower oxides, 
sulphides, etc. If compounds of tin are present in this operation — and if the fusion is not 
done with excess of heat, so as to convert sodium nitrite to caustic soda and form the sol- 
uble sodium stannate— the tin will be left as stannic oxide, SnO^, in the residue with the 
NaSbOs. But if sodium hydrate is added in the operation, the tin is separated as stan- 
nate in solution with the arsenic. For a plan of separations, based on these facts, see 463. 
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426. A lustrous white metal, fusible at 230* C. (446* F.), volatile (when not in contact 
with the air) at a white heat. — It tarnishes a very little in pure air or with moisture, but 
more in air containing hydrosulphuric acid ; when fused in the air it forms a mixture of 
stannous and stannic oxides with moderate rapidity ; at a white heat it burns in the air 
with a dazzling white light, and formation of stannic oxide ; at a red heat it decomposes 
steam with evolution of hydrogen. — It dissolves with hydrochloric acid, slowly when the 
acid is dilute and cold, but rapidly when hot and concentrated — stannous chloride and 
hydrogen being produced (a) ; in dilute sulphuric acid, slowly, with separation of hydro- 
gen (b); in hot concentrated sulphuric acid, rapidly, with separation of sulphurous anhy- 
dride and sulphur (c) ; nitric acid concentrated does not act upon it, the dilute acid ra- 
pidly converts it into metastannic acid, irjsoluble in acids {d); very dilute nitric acid dis- 
solves it without evolution of gas as stannous nitrate and ammonium nitrate (e) ; nitro- 
hydrochloric acid dissolves tin easily as stannic chloride (/); potassium hydrate solution 
dissolves it very slowly, and by atmospheric oxidation (g) ; or, at high temperatures, with 
evolution of hydrogen (h). 

2H01 = SnOla 

H3SO4 = SnS04 

2HaS04 = SnS04 

SO, + 2H2SO4 

+ 4HNO3 = SSnOa 

OHNO3 = 4Sn(NO, 

4C1 = SnCl4 
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g, Sn + 2KOH + O = K,SnO, + H,0 

h, Sn + 2EOH = KaSnO. + 2H 

427. Tin forms two stable oxides and corresponding classes of salts : stannous oxide, 
Sn"0, and stannic oxide, Sn""Oa; the latter acts both as a base, in stannic compounds, 
and as an acidulous anhydride, in stannates of metals. Stannous compounds readily 
change to stannic compounds by contact with tjie air and by nearly all oxidizing agents 
(437), being themselves powerful reducing agents ; stannic compounds are not easily re- 
duced to stannous combinations, being feeble oxidizing agents. In respect to the relative 
stability of its two classes of salts, tin resembles iron ) stannous salts, however, are rela- 
tively less permanent than ferrous salts — in accordance with the fact that stannic std- 
phide is formed, and ferric sulphide is ndt formed, in precipitation by sulphides. 

428. STANNOUS oxide, hydrate, sulphide, oxy-chloride, phosphate, and 
oxalate, are insoluble in water. The chloride requires quite strongly, and the 
nitrate moderately acidulated water for solution ; the bromide, the iodide, and 
sulphate, dissolve in pure water (261). 

Tin is separated, as a sulphide, with arsenic and antimony, from other 
second group sulphides, by solution with yellow ammonium sulphide (455) : 
from arsenic and antimony it is easily separated by reduction in Marsh's test 
(435). Stannous salts are distinguished by their reducing power (437). 

429. Water partially decomposes the acidulated solution of stannous chlo- 
ride ; precipitating stannous oxychloride, soluble in acids, the liberated acid 
preventing complete precipitation : 

2Sn01a + HaO = SnaOOla + 2H01 
The atmosphere causes, in solutions of stannous chloride, a precipitate of 
stannous oxychloride with formation of stannic chloride; a change which 
occurs in the reagent kept in bottles frequently opened, and is retarded by 
presence of sufficient hydrochloric acid with metallic tin. 

SSnCla -[- O = SnaOOla + 8nOl4 

430. The alkali hydrates precipitate, from solutions of stannous salts, 
stannous hydrate, Sn(OH)g, white, readily soluble in excess of the fixed alkali 
hydrates, as alkali stannite, K,SnO,, insoluble in ammonium hydrate (distinc- 
tion from antimony) : 

SnOla + 2KOH = Sn(OH)a + 2K01 

Sn(OH)a + 2KOH = KaSnOa + 2HaO 

By boiling, the precipitate becomes anhydrous, SnO, without change of 
color. Boiling in strong potassium hydrate solution, more quickly by the addi- 
tion of a little tartaric acid, blackens the precipitate, which now contains 
metallic tin. 

Alkali carbonates also precipitate stannous hydrate^ insoluble in excess 
(distinction from antimony). Barium carbonate precipitates all the tin as 
hydrate, in the cold. 
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431. Hydrosulphuric acid and sulphides precipitate the dark-brown 
stannous sulpliide, SnS (a), hydrated, insoluble in dilute, soluble in mode- 
rately dilute acids, as stated below. Thiosulphates do not give a precipitate 
— i-distinction from arsenic (369), and from antimony (406). 

8tan/nou8 sulphide is readily dissolved by alkali supersulphides, the yellow sulphides, 
with formation of aulphostannates (6), from which acids precipitate the yellow stannic 
sulphide (443) (c), but the normal, colorless, alkali sulphides scarcely dissolve any stan- 
nous sulphide. PotaBsium hydrate and Bodium hydrate dissolve it as atannites with 
aulphostannites (d), from which acids precipitate again the brown stannous sulphide (e) ; 
ammonium hydrate and the alkali carbonates do not dissolve it (distinction from arsenic, 
368, and with fixed carbonates distinction from antimony, 405 d). It is not soluble by 
acid sulphites (distinction from arsenic, 368). — Hydrochloric acid dissolves it, as stcm- 
fwus chloride, with evolution of hydrosulphuric acid (/) ; nitro-hydrochloric acid — ^f ree 
chlorine — ^as stannic chloride with residual sulphur (g); nitric acid oxidizes it to meta- 
stannic acid, without solution (separation from arsenic, 460). 

a. SnCl, + H2S = SnS -f- 2H01 

b. SnS + (NH4)9S, = (NH4)aSnSs 

c. (NH4)aSnS3+ 2HC1 = SnS, + 2NH4OI + HaS 

d. 2SnS + 4SOH = K3Sn02+ E^SnSa + 2H<iO 

e. (KaSnOa + KaSnSa) + 4H01 = 2SnS + 4K01 + 2HaO 
/. SnS + 2HC1 = SnCla + HaS (for SnS„ see 442). 

g. SnS + 401 = SnOl* + S 

432. Potassium iodide precipitates — from solutions not very dilute, as nearly neutral 
as possible and free from stannic salt — the yellow sta/nnous iodide, Snia, sparingly solu- 
ble in water, more soluble in warm than cold water, and slightly decomposed by water 
with precipitation of variable, yellow, stannous oxy-iodides ; slightly soluble in excess of 
the reagent, the potassio stannous iodide being mostly decomposed by water, less in dilute 
solutions; soluble in hydrochloric acid, and in solution of potassium hydrate. With 
stannic salts in water solution, the iodides react as follows (see 439) : 

SnOl4 -1- 4KI = Snl4 + 4K01 

And, simultaneously : SET4 + 3HaO =: SnO(OH)a + 4HI 

433. Alkaline phosphates precipitate stannous phosphate, Sns(P04)a, white, variable 
by conditions. — Oxalates precipitate stannous oxalate, SnOa04, white. — Ferrocyanides 
give a white gelatinous precipitate; ferricyanides, a white precipitate (with stannic 
salts, no precipitate). — Cyanides precipitate stamtous hydrate, with liberation of hydro- 
cyanic acid. 

434. Tin is reduced by zinc : from freely acidulated stannous or stannic 
solutions, as ^ gray spo7igy mass (Sn) ; from alkaline solutions, as lustrous 
crystals. With zinc on platinum foil or in a platinum dish, the tin reduced, 
from acid solutions, collects mostly on the zinc, does not stain or adhere to the 
platinum, and, however reduced, dissolves in hydrochloric acid (426 a) (dis- 
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tinctions from antimony and from arsenic ; see 408). But reduction by metallic 
aLuminiuiUy or magnesium, is much more prompt and satisfactory. 

435. In Marsh's, Test for arsenic (373) and antimony (409), if tin is pre- 
sent, it will be deposited as a dark-colored powder, as stated in the preceding 
paragraph, not adherent to the zinc. Arsenic is deposited early in the opera- 
tion, and finally all removed in the gas ; antimony is not wholly, but is mostly 
removed, at the last; tin, not at all. if all the zinc is permitted to dissolve 
while the acid is not expended, the deposit of tin will slowly dissolve in the 
dilute acid. Indeed, tin may be used instead of zinc, in Marsh's Test. With 
zinc present, the tin does not dissolve ; and after the arsenic has all been ex- 
pelled in the gas, the tm rtiay he rinsed away from the zinc by the ivater-jet, 
and dissolved with moderately concentrated hydrochloric acid, while any 
antimony present remains undissolved (426 a, and 399 a). The antimony 
may afterwards be quickly dissolved by nitro-hydrochloric acid, and tested. 

436. Before the blow-pipe, on charcoal, with sodium carbonate, and more 
readily by addition of potassium cyanide, tin is reduced to malleable lustrous 
globules — brought to view (if minute, under a magnifier) by repeated tritura- 
tion of the mass with water, and decantation of the lighter particles. A little 
of the white incrustation of stannic, oxide will collect on the charcoal near the 
mass, and by persistence of the flame on the globules, the same coating forms 
upon them. This coating, or oxide of tin, moistened with solution of cobalt 
nitrate, and again ignited strongly, becomes of a blue-green color. 

437. Stannous salts are oxidized to Stannic Salts by a large number of 
reagents (see 427). Stannous chloride is one of the most convenient and 
efficient of the ordinary, discriminative deoxidizing agents, for operations in 
the wet way. As stannic chloride is soluble in the solvents of stannous 
chloride, no precipitate of tin is made by its reducing action ; but many other 
metals are so precipitated by reduction to insoluble forms. Thus : 

Mercuric chloride is reduced from solution, first to white mercv/roua chloride, and then 
to gray mercury (362 a); silver nitrate, to brown-black silver (340); arsenic, from arsenic 
to arsenious compounds (394 e), and all soluble compounds, to black precipitate of 
arsenic (378) ; antimonic compounds, to soluble antimonious cojupounds (422) ; bismuth 
salts, to monoxide (297); chromic acid, to ^t^n chromic salt, left in solution (166 /); 
ferric salts, io ferrous salts, left in solution (171 d)\ auric chloride, to the violet preci- 
pitate of gold (475). Sulphurous anhydride, in ordinary relations a strong reducing 
agent, serves to oxidize stannous chloride ; warm digestion with sulphites and hydrochlo- 
ric acid giving a precipitate of stannic oxy-sulphide, (Sn09)6SnS2. Nitric acid changes 
stannous to stannic compounds, chiefly with formation of nitric oxid6 and ammonium 
nitrate. — Ferricyanidea effect the same change, with formation of ferrocyanidea ; and 
permanganates, with production of m>angam,ou8 salts. Many of these reactions are ap- 
plicable in distinguishing stannous from stannic salts. A very dilute mixture of fern- 
cyanide and ferric salt makes a delicate, though not distinctive test for tin as a dyad. 

438. STANNIC oxide or anhydride (see 427) forms two well-marked hydrates or 
acids: stannic add, HaSnOs, and mstastannic acid, HioSneOis (variable). Stannic acid 
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is formed by precipitating stannic salts with alkalies (440) ; metastannic acid, by action of 
nitric acid on tin (436 d, then — 5SnOa + 5HaO = HioSiieOie). 

Stannic acid is insoluble in water, but readily forms soluble stannic salts with hydro> 
chloric, sulphuric, and nitric acids, and soluble alkali stannates with the alkali hydrates; 
other stannates being insoluble. Metastannic a^id is insoluble in acids, and does not 
form metastannic salts; but dissolves in fixed alkalies, with formation of metastannates. 

439. The stannic oxide, hydrate, sulphide, and phosphate, are insoluble in 
water. The chloride and bromide are scarcely at all decomposed by water ; 
the iodide, almost wholly decomposed by water (see equation, 432). The 
relations of stB,nx\ous chloride, bromide, and iodide, to water, are each quite 
the reverse of the corresponding stannic haloids, as shown by comparison with 
428. Stannic sulphate is decomposed by boiling its water solution. Stannic 
chloride and iodide are soluble in alcohol. 

440. The alkali hydrates and carbonates, and barium carbonate, pre. 
cipitate from solutions of stannic salts, stannic acid, HgSnO,, white ; soluble 
in excess of fixed alkali hydrates and carbonates ; insoluble in ammonium 
hydrate and carbonate (distinction from antimony). The alkaline solutions 
contain stannates : 

8nOl4 +, 4EOH = H^SnOs + 4KC1 + H^O 

HaSnOs + 2EOH = EaSnOs + 2HaO 

S11OI4 +2(NH4)aOO,+ aO = HaSnO,+ 4NH4OI + 200a 

HaSnO, + EaCOs = EaSnOs + HaO + COa 

441. A peculiar precipitation of metasta/nnic acid, HioSneOis, is produced by most 
normal alkali salts, on boiling in concentrated solution. Thus: 

6SnOl4 + 20NaaSO4 + 15HaO = HioSnsOi* + 20NaOl + 20NaHSO4 
6SnOl4 + 2ONH4NO, + ISHaO = HioSnsOift + 2ONH4OI + 20HNO, 

442. Hydrosulphurio acid and sulphides precipitate stannic sulphide, 
SnS„ hydrated, yellow, having the solubilities given in 431 for st&rmous sul- 
phide, with this difference, that stannic sulphide is moderately soluble in nor- 
mal, colorless, alkali sulphides. With the stannic sulphide precipitate, yel- 
low, we have these reactions, different from those in 431 ; the others being 
the same as with stannous sulphide : 

SnOl4 + 2HaS = 8nSa + 4H01 Corresponding to 431, o. 

SnSa + (NH4)aS = (NH4)8SnSa " •' " b. 

SnSa + (NH4)aSa = (NH4)aSnSs + 8 

2SnSa + 4EOH = EaSnO, + E,SnS, 

+ HaS + HaO " " *' d. 

(EaSn03+ EaSnS, + Ha6) + 4H01 = 

2SnSa + 4K01 + 3HaO ** " *' e. 

SnSa + 4H01 = SnOl4 + 2HaS r'Xr^r.\J' " /• 
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443. Phosphates precipitate basic stannic phosphate, SnsO(P04)s, white; Ferrocy- 
anides give a white, and ferzicyanides, no precipitate. 

444. Stannic salts are reduced to Stannous Salts hy metallic tin or 
copper. 

SaCl4 + 8n = 2SnCla 

Concerning the reduction of stannic compounds to metal, see 434, and 
blow-pipe reactions, 436. 

The behavior of stannic oxide in fusion with sodium hydrate and carbonate 
— used in separation from antimony and from arsenic — is described in 425 and 
in 463. 



445. Comparison of Certain Beactions of Arsenic, Antimony, and 

Tin. 

Taken as Arsenious Oxide, Antimonious Chloridey Stannous Chloride, or 
other soluble Compounds. 



HaS forms colored 
sulphides, soluble 
in (NHOaSa, and in 
alkalies, reprecipi- 
tated by acids. 

NH4OH in excess. 

Zn and dilute HaS04 



Dilation of saturated 
solutions. 



HNO3, concentrated, 
acting on the solids. 



AsaSs, yellow, insol- 
uble in HOI, sol- 
uble in (NH4)a003 



No precipitate. 

AsHs (gas) (373). In 
AgNOs, forms Ag 
and HsAsOs (377). 



H3As04(385). Gives 
certain of the reac- 
tions of HsP04 



SV 



SbaSs, orange, solu- 
ble in HCl, insolu- 
ble in (NH4)aCOs 
(405). 



SbaOa, white (403). 

SbHs (gas) (409). .In 
AgNOs forms A^s- 
Sb, black precip. 
(411). 

SbOCl, white. Dis- 
solved by tartrate 
(402). 

Sba04 and SbaOe, in- 
soluble (399 d, and 
413). 



Sn" 



SnS ; brown (SnSa 
yellow), soluble in 
HCl, insoluble in 
(NH4)aOOa (431). 



Sn(OH)a, white (430). 
Sn, a gray mass (435). 



SnaOCIa, white 



SnOa, insoluble 
d, and 487). 
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SEPARATION OF THE METALS OF THE FIBST AND SEOOmD 

GBOUPS. 

446. The separation of the First Group metals — lead, silver, and mercury 
of mercurous salts— from the other bases of the Second Group, hy liydrocJdoric 
acid, is complete for silver and mercury, but incomplete for lead (313). 
Lead could be separated from other second group metals hy sulphuric acid in 
dilute solution ; but this applied to the original solution would also precipi- 
tate the fourth group metals, and requires a different grouping of the bases, as 
by Zettnow's process (472). So it is identified, if abundant, in the first group, 
and then removed in the second group (after the separation by ammonium 
sulphide) hy sulphuric acid, in removing lead as a sulphide, if hydrochloric 
acid is present, the solution should be quite dilute (313). 

447. Although the only insoluble metallic chlorides are the plumbic, 
argentic, and mercurous, yet hydrochloric acid may produce precipitates 
in certain solutions which contain no first group hase. The following are 
some of the conditions in which this occurs : 

a. An acid solution of antimony, bismuth, or tin, with some other acid than hydro- 
chloric, and saturated with water, as far as possible without precipitation, on the addition 
of hydrochloric acid, precipitates the oxychloride of the metal in question (288, 402, 429). 
These precipitates are readily soluble in excess of the hydrochloric acid, but so is a very 
slight precipitate of silver chloride (328). 

h. In a saturated solution of certain salts, as barium chloride, hydrochloric acid preci- 
pitates the salt without chemical change ; the precipitate soluble in a small proportion of 
water (84). 

c. In solutions of higher sulphides, as NaaSa (368, c), and of thiosulphates, as NaaSaOs 
(697) — these solutions having an alkaline reaction — ^hydrochloric acid forms a precipitate 
of sulphur (700). 

d. The solutions containing double sulphides of alkali metals and arsenic, antimony, 
tin (gold, platinum, molybdenum, iridium); double iodides of bismuth, copper, and first 
group metals; double cyanides of class (1) 617, and certain double thiosulphates, are liable 
to precipitation in the first group, as represented in equation &, 617. All these precipi- 
tates, except those of first group metals, are soluble in excess of the hydrochloric acid. 

e. All the alkaline solutions of metallic oxides, as potassium zinc oxide, are precipi- 
tated at the neutral point in the addition of acids. 

/. Alkaline solutions of antimonic, silicic, boracic (tungstic, molybdic, tantalic, and 
niobic) acids ; also of benzoic, salicylic, uric, and certain other organic acids, are precipi- 
tated by acidulation with mineral acids, many of the precipitates being soluble in hydro- 
chloric acid. (Thallious salts are precipitated as chloride.) 

g. Acidulation with hydrochloric acid may induce changes of oxidation or reduction, 
which, in certain mixtures, result in precipitation. 

If the solution taken for the grouping of the bases has an alkaline reaction, 
it cannot contain a normal salt of a first group base ; it may contain a basic 
lead salt, or one of the compounds noticed in c, d, e, orf. 
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If the first group precipitate be more than very slightly dissolved by farther 
addition of water or of hydrochloric acid, it should be so dissolved before pro- 
ceeding with the analysis. If the precipitate is colored, or if it is found not to 
accord with the reactions of any of the first group bases, it should be treated 
separately, as a solid substance taken i'or examination. 

448. The separation of the First Group bases from each other, according 
to the Table, 794, is exceedingly simple. PbCl, is dissolved in abundance of 
hotioater ; AgCl, in ammonium hydrate; while HggClj is left insoluble in a 
characteristic black form, as NHgHgCl. 

If the lead chloride is not all washed out with hot water, the ammonium 
hydrate will change it to insoluble basic salt (309), and leave it with the mer- 
cury on the filter. 

Let it be observed, if the first group precipitate contains but one base, the 
action of ammonium hydrate determines which it is : lead chloride does not 
change color; silver chloride dissolves; mercurous chloride blackens. 

449. The presence of lead is easily ascertained in the dilute solution of its 
chloride. A portion of this solution is treated for the sulphate, according to 
the Table (794) ; carefully avoiding excess of acid (312) ; an illustration of 
the important relations of lead salts with stilphates- Other portions of this 
dilute solution give the more delicate test with hydrosulphuric acid, and the 
characteristic test with chromates, and serve to illustrate the important rela- 
tions with carbonates and phosphates ; but a more concentrated solution must 
be used in studying the precipitates which are soluble in excess of their pre- 
cipitants — those by fixed alkali hydrates, iodides, bromides, etc. (Concerning 
lead in second group relations, see 467.) Among the other tests made in study 
of first and second group metals, those involving reduction by metals and other 
agents should never be neglected. 

450. The presence of silver, in its ammoniaoal first group solution, is de- 
termined according to the Table by reprecipitation with nitric acid, as AgCl. 
This test is exceedingly delicate, provided too much alkali chloride is not 
formed in the solution (328). For small quantities, it is better to expel the 
excess of ammonium hydrate by heat before adding the nitric acid, which must 
not be in excess. 

For farther illustrative tests, reduce the chloride to metallic silver (340), 
either by zinc, set aside in the test-tube, or by stannous salts, or sugar with 
alkali ; then wash the reduced silver thoroughly, and dissolve it in nitric acid, 
as AgNO,. 

451. The remaining base, mercury, as the black mercurosammonium 
chloride, for the farther tests in the wet way, may be obtained as soluble mer- 
curic salt by solution in nitro-hydrochloric acid. Good evidence of the mer- 
curous combination of the mercury has been obtained in the first group pre- 
cipitation, and in the color of the product with ammonium hydrate ; but if the 
original solution is found not to contain other interfering metals, it may after- 
Digitized by vjOOQ IC 



138 Separation in the First and Second Groups. 

wards be used to obtain the distinctive reactions of mercurous salts with 
iodides, chromates, phosphates, etc. 

452. in the precipitation of the Second Gronp, the acidulation requires 
attention. It must not be omitted because of an acid reaction of the original 
solution, unless it is known that free mineral acid is present. It must be suf- 
ficient for the formation of arsenious sulphide (368), and not too strong for 
complete precipitation of antimonious sulphide (405 e). If the original solution 
is strongly acid — as after solution of dry substances by mineral acids — the 
excess of acid must be reduced by evaporation. Free chlorine is incompatible 
with the group precipitant, jind if present must be fully expelled. 

453. Precipitates may occur in the second group, when no second group 
metal is present. The precipitations by mere acidulation have been excluded 
by the first group work, but the precipitation of free sulphur may occur, as 
follows : (a) with fading of a previous brownish-yellow tint, from ferric salts 
(186) ; (b) appearing with a green color, deeper than a previously existing red 
or yellow color, or from nearly colorless solutions, due to chromic acid (166 a) ; 
(c) from free chlorine, bromine, or iodine, liberated by the dilute acid of the 
group reagents acting with chlorates,' nitrates, bromates, iodates, hypochlorites, 
etc., of the original substance. Indeed, several of these substances decompose 
hydros ulphurio acid without the aid of other acids. 

All the bases precipitated in the second group are thrown down as colored 
sulphides — yellow, orange, brown, or black — readily distinguishable from sul- 
phur by the lighter color and the lighter specific gravity of the latter. The 
precipitate of sulphur may be disregarded — except as an indication of the pos- 
sible presence of some of the oxidizing agents, and, with the changes of color 
mentioned in (a) and (5), especially indicative that iron or chromium will be 
found in the next group. 

454. It will be remembered that pentad arsenic is not precipitated short 
of treatment with the hydrosulphuric acid gas for several hours (387). Unless 
this time can be taken, the arsenic must be reduced to arsenious acid — by sul- 
phurous acid (394 a), or otherwise — or the systematic course of analysis may 
be departed from. In the latter case, the original solution may be used in 
Marsh's Test, if it do not contain nitrates or other oxidizing agents; or the 
reduction in the dry way (381) may be employed. 

455. The separation of the bases of the Second Group, according to the 
Table, 795, begins with a division into three classes, by action of two solvents, 
yellow ammonium sulphide, and moderately concentrated nitric acid. We 
have, in the precipitated sulphides : 

(1) As, Sb, Sn — dissolved as sulphosalts by (NH4)9S,. 

(2) Pb, On, Bi, Od— dissolved as nitrates by HNOs. 

(3) Hg— dissolved as chloride by Ol. 
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456. Before applying ammonium sulphide, the precipitate of sulphides 
must be washed clean of acid, and of all substances in the filtrate. Whether 
the digestion is performed on the filter, or in the test-tube or beaker, the 
amount of solvent should be as small as possible. 

The insoluble portion is filtered out, washed first with a little sulphide of 
ammonium, then with several portions of hot water,' and set aside. 

It is first to be determined whether any base has been dissolved by the sul- 
phide of ammonium. This may be done, in a small portion, by a drop of 
dilute acid; if the precipitate be white, uncolored, either no sulphides of As, 
Sb, Sn, were in the group precipitate, or they were in small proportion, and 
overwhelmed by the solvent. We place here together the representative 
equations : 



2(NH4)8AsS, 


+ 


3H3SO4 = AssSs 


(yellow) 


+ 


8(NH4)aS04 


+ 


3HsS 


2(NH4).SbS4 


+ 


3H3SO4 = SbaSft 


(orange) 


+ 


3(NH4),S04 


+ 


3H3S 


(NHOaSnSs 


+ 


H2SO4 = SnS, 


(yellow) 


+ 


(NH4),S04 


+ 


HsS 


(NH4)aSa 


+ 


H3SO4 = s 


(white) 


+ 


(NH4)aS04 


+ 


H,S 



It is evidently easy to mask the color of the sulphides by an excessive pro- 
portion of free sulphur, some of which will always be present ; and, in case of 
any doubt, perhaps, as a general practice, it is better to proceed with the 
ammonium sulphide solution, to the final tests for arsenic, antimony, and tin. 

457. There is this imperfection in the separation of As, Sb, and Sn, as 
sulphides, by ammonium sulphide ; that copper as sulphide is slightly dis- 
solved by the same solvent (276). Acids reprecipitate the copper sulphide, 
generally as normal CuS, but sometimes as a liver-colored super-sulphide, 
which, with excess of sulphur, has nearly the color of SnS,, or As^Sj. The 
amount of copper so dissolved and reprecipitated is small, and cannot simulate 
notable quantities of arsenic, antimony, or tin ; but such a small loss of copper 
from the nitric acid solution of the group lessens the delicacy of the work for 
that metal. Therefore, it is especially important to identify copper in the 
preliminary examination — by the bead or on charcoal, if the substance is 
solid, and by the tint, if in solution, and by the reduction on a strip of clean 
iron (280). 

Now, the fixed alkali super-sulpJiides — Na^S, or K^S, — do not dissolve 
copper sulphide in the least, and they serve as solvents of the sulphides of As, 
Sb, and Sn, as well as ammonium sulphide ; but they dissolve mercuric sul- 
phide (359 h), to an extent that involves a greater imperfection in the separa- 
tions of the group, than does the use of ammonium sulphide. However, if the 
preliminary examination shows mercury to be absent, it is better to use fixed 
alkali sulphide for the separation of copper from arsenic, antimony, and tiiu 

458. Having removed the bases soluble as ammonium sulphosalts from 
the rest of the group, we have to separate arsenic, antimony, ^id tin. from 
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each other. This may be accomplished in several ways by certain solvents, 
acting on the sulpJiides. And, to this end, the sulphides are reproduced ; the 
whole remaining alkaline sulphidic solution (456) being reprecipitated by an 
acid. If we employ separative solvents, we may choose between three (368), 
viz. : mnmonium carhonaUy dissolving As^S, and leaving the other sulphides; 
hydrochloric acid, leaving Ab„S, undissolved and dissolving the other two 
sulphides (405 e, and 442, last equation) ; and alkali sulphites, which dissolve 
ASgS, and leave the antimony and tin undissolved. Neither one of these sol- 
vents effects a strict separation, and more exact and satisfactory results are 
obtained by Marsh's operation (373) ; receiving all the gas in solution of silver 
nitrate (411), and treating the residue in the generator for tin (435). This 
plan is the one given in the Table for the second group (795). 

459t The separation of arsenic by ammonium carbonate, as a sol- 
vent, has been used in the following plan ; 



Sulphides Precipitated from the (NHJ^S, Solution : As,S,, Sb,S^, SnS„ 

(S), (456). 

Digest with Solution of Ammonium Carbonate and Filter (366 d). 



Residue : SnSs, SbaSe, (S). 
Dissolve in hot hydrochlorio acid (442, 421). 
Solution: SnOl4, SbOls. 

Treat imfh zino and hydroohloric acid in pres- 
ence of Platinum foil, in MwrsKs apparatus 
(435). 



Deposit: Sn, (Sb). 
Dissolve by hydrochloxio 
acid. 

Solution : SnOla. 

(Residue, Sb). 
Test by mercuric chloride 

(362 a), 
Examine by 445, etc. 



Gas : SbHa. 

(Test the spots, 376.) 

Receive the gas in solur 
Hon of silver nitrate. 
Dissolve the precipi 
tote (AgaSb) (411), and 
test by HaS. 

Compare by 445. 



Solution: (NH4)3AsSs-KNH4)3As0i 

Precipitate by hydrochloric acid; fil- 
ter ; wash the precipitate and dis- 
solve it by chlorine generated from 
a minute fragment of potassium 
chlorate and a little hydrochloric 
acid (368 e). 

Expel all free chlorine (373). 

Solution: H8ASO4. 

Apply Marsh's Test, as directed t» 
373, testing the spots (37G); receiving 
the gas in solution of silver nitrate, 
and testing the resulting solution 
(377). 

Examine the original solution, as in- 
dicated in 445, and the text. 



The plan above given may be varied by separativg antimony and tin by ammonium 
carbonate in fully oxidized solution, as follows: The SbaSe and SnSa are dissolved by 
nitro-hydrochloric acid, to obtain the antimony as metantimonic acid. The sohition is 
then treated with excess of ammonium carbonate, in a vessel wide enough to allow the 
carbonic acid to escape without waste of the solution. The (HaO)aSba06, forms the 



Separation in the First and Second Groups. 141 

soluble ammonium metantimoniate, 2(NH4)aO.Sba06 (dibasic), or (NH4)!iO*SbaOfi (mono- 
basic). 

Meanwhile the BnOlf is fully precipitated as SnHsO* (equation in 440); and may be 
filtered out from the solution of metantimoniate. 

The liability of failure, in this mode of separating antimony and tin, lies in the non- 
formation of metantimonic acid by nitro-hydrochloric acid. The ordinary antimonic 
acid forms a less soluble ammonium salt (418), but this acid is not so likely to occur in 
dissolving as amiimonioua chloride, SbCls (according to 431). Now, excess of ammonium 
carbonate does not redissolve the SbaOs which it precipitates from SbOls, as stated in 404. 

460. Separation of Arsenic from Sb, Sn, Bi, Cu, and Hg, by treatment 
of their sulphides with strong Nitric Acid — the resulting nitrates being decom- 
|)osed by heat.* The washed precipitate of sulphide is treated, in an evaporat- 
ing dish, with nitric acid of sp. grav. 1.2 or stronger, that which is brown by 
presence of nitrogen oxides being best, until brown vapors are no longer 
evolved. The mixture is then evaporated to dryness. If separation from 
copper or bismuth is desired, the heat must be slowly increased (by use of a 
sand bath) to a temperature of 400° to 600*^ C, not reaching a red heat, and in 
all cases .insuring the expulsion of all sulphuric and nitric acids. The residue 
is now digested with hot water (for about ten minutes), and filtered. Solu- 
tion: HjAsO^. Kesidue: Sb^O^ or Sb^O^, SnO^, CuO and basic copper salt, 
BijjOg, HgS. If copper and bismuth are to be separated, the heat must be 
sufficient to vaporize sulphuric acid, which is necessarily formed. For separa- 
tion of arsenic from antimony and tin, this is a convenient method, and gives 
exact results. The residue of antimony is soluble in nitro-hydrochloric acid ; 
that of tin, slowly soluble in hot hydrochloric acid. 

461. The solubility of arsenic sulphide (868 d), and the insolubility of sulphides of 
antimony and tin in solution of acid sodium sulphite, furnish a basis for the following: 

Plan for Separating Arsenic Sulphide by Acid-Stilphites, and Antimony and Tin 
Bnlphides, by Nitric and Tartaric Acids. 

After precipitation of the solution of Bnlphosalts with dilute hydrochloric 
acid and some hydrosulphuric acid, and washing : 

Precipitate (a) : AaS*, SbaS*, SnSa, (free sulphur). 

Transfer precipitate (a) to a test-tube or heaker, and digest at the boiling 
point, for some time, in a solution of sodium ad/* sulphite with free 
salpharons acid. FUter and wash the residue. 

Solution (h): NaL^CAMiOtj NaaSaOs; (NaHSOa) (368, d). 

Residue (c) : SbaSs ; SnS« (free sulphur). 

Acidulate solution (jb) with hydrochloric add; add hydrosulphuric add, and 
digest, warm ; if a precipitate occurs, treat it in an evaporating dish 
with nitric acid ; filter and wash from the excess of sulphur ; concen- 
trate the solution, and test it for arsenio by BettendorTs method (878), 
or by redaction with cyanide (881). 
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Digest residue (c) with hot, concentrated nitric acid in an evaporating dish, 
and expel the excess of acid. 

Product {d): Sba04; SnOa (sulphur and HaS04) (399 dy 426 d). 

Treat the product {d} with hot solution of tartaric acid^ and filter. 

Solution (e): (SbO)204H40fl ; (excess of acids). — (401 a.) 

Residue (/): SnOa, as metastannic acid (sulphur). 

Test solution (e) with hydrosnlphuric acid (and hydrochloric acid) for antiL' 
mony ; testing further by dissolving the sulphide, etc. 

Fuse residue (/), with sodium carbonate and cyanide^ on charcoal, and ex- 
amine for tin (436). Dissolve in hydrochloric acid ; test with mercuric 
chloride, etc. 

462. If the acid solution of As, Sb, and Sn — prepared by dissolving the sulphides in 
hydrochloric acid with potassium chlorate — ^is treated with boiling solution of sodium 
thiosulphate, the arsenic and antimony are precipitated as sulphide (369 and 406), the tin 
left in solution. 

The sulphides of As and Sb, so produced, may now be separated by hot solution of 
sulphites with sulphurous acid, as directed for precipitate a, 461 ; leaving the arsenic in 
solution, and the antimony as residue. 
We now have : 

Solution (a): SnCl4. (Precipitate by HaS; also reduce with Zn and test.) 
Solution (b) : Na20.Asa08. (Treat as directed for solution b, 461.) 
Residue (c): SbaSe. (Dissolve in hydrochloric acid, and test.) 

463. The separation of As, Sb, and Sn, by fusion with sodium salts and oxidizing 
agents, is indicated in 425. It will be seen, from the statements at the close of that para- 
graph, that when SnOa is fused with sodium hydrate, a stannate of sodium (NaaSnOs) is 
formed, which dissolves in water; but when fused with sodium carbonate and nitrate (at 
a heat which does not convert the latter salt to caustic soda), it remains as stannic oxide, 
insoluble in water. 

Now, the fusion of fully oxidized arsenic and antimony with sodium carbonate and 
nitrate (with or without caustic soda) converts both these elements into the (non-volatile) 
sodium arseniate and dibasic metantimoniate — Na8As04 and Na4Sb307 — the arseniate 
soluble, and the antimoniate insoluble, in cold water. The dibasic metantimoniate is in- 
soluble in water by conversion into monobasic salt, NaSbOa, if the water be not strongly 
alkaline (418). 

Hence, fusion of fully oxidized As, Sb, and Sn with sodium hydrate, enables us to 
separate antimony from arsenic and tin; fusion, with sodium carbonate, etc., without 
sodium hydrate, separating arsenic from antimony and tin. 

The fusion with sodium hydrato requires a silver crucible. 

Separation of fiilly oxidized Arsenic, Antimony, and Tin, by fusion with Sodimn 
Carbonate and Nitrate, and Reduction. 

The sulphides precipitated by hydrochloric acid from the Bolution of solpho- 
salts are taken for oxidation. 

Precipitate (a) : AsaSs; SbaSs; SnSa (sulphur). 

Digest, in an evaporating dish, with hot nitric acid^ in repeated portions, 
and evaporate to dryness at a gentle heat. ^ j 
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Residue (J): A8aO»; SbaOs; SnO» (free sulphur). 

Mix with one or two parts of sodium carbonate^ and two or three parts of 
sodium nitrate; fuse (in a porcelain cmcible), for some time, and until 
the mass is quiet, at a heat not much above the fusing point of the mass. 
Pour the fused mass upon a cold slab ; pulverize, and digest in cold 
water. Filter. 

Solution (c): Na3A804 (sodium carbonate and nitrite). 

Residue (d): Na^SbaO? and (by action of water) NaSbOs; SnOa. 

Acidulate solution (c) with acetic acid and test it with magnesia mixture, 
etc., for arsenic, accoi-ding to 888, etc. The various precipitated ar- 
seniates may be collected, and with the remaining portion of solution 
(c), submitted to Marsh's Test. 

Treat residue id) with concentrated hydrochloric acid, hot, until dissolved. 
Dilute until the solution is sparingly acidulated and transfer to a plati- 
num dish, or a porcelain dish with a piece ot platinum foil (rinsing out 
any white residue which may have been precipitated by the water), and 
proceed to reduce antimony and tin, with Hnc, according to 408. 

Deposit {€): Sb (staining the platinum); Sn (not adherent) 

Rinse the dark, spongy precipitate from the zincwith water, and remove the 
zinc. Treat the precipitate and the stained platinum with hot, moder- 
ately concentrated hydrochloric acid. Treat the stained platinum 
separately, first with hot nitric acid, then with concentrated solution of 
tartaric acid. 

Solution (/): SnCla; ZnCla. (Test for tin, with mercuric chloride.) 

Solution (^r): (SbO)a04H40fl. (Obtain the sulphide; dissolve in solution of KaCOs— 
406 d). 

U with the fusion, as above, sodium hydrate be added : 

Solution (c) : Na8A804 ; NaaSnOs (sodium hydrate, carbonate and nitrite). 
Residue {d) : Na4Sba07 and (by action of water) NaSbOs. 

Acidulate solution (c) vrith sulphuric acid, and expel all nitrous gas, and con- 
duct Marsh's Test for arsenio ; examining the residue for tin, accord- 
ing to 435. 

Dissolve residue {d) with hydrochloric acid ; obtain the sulphide of anti- 
mony ; dissolve the latter, and test. 

464. The Second Portion of the second group bases — obtained as stated in 
455, and washed as specified in 456 — is dissolved in hot, moderately dilute 
nitric acid. Nitrous gas passes off, instead of hydrogen sulphide; and sul- 
phur is left, together with the black mercuric sulphide, if any mercury is pre- 
sent. The solution occurs mostly with evolution of NO, and essentially as 
shown for copper, and lead, in equations 276 a, ar.d 311 a. Traces of HgS 
may dissolve ; and, if the nitric acid be strong and its action prolonged, more 
than traces of PbSO^ (white) may be formed, and left insoluble with the mer- 
cury — according to equation J, 311. Some, or all, of the lead sulphate may be 
dissolved by the strong nitric acid; but, as the acid loses strength in the 
digestion and during filtration, it will precipitate from this solution. And it is 
even less soluble in dilute sulphuric acid, its precipitant, than in water (308). 
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The excess of nitric acid is mostly expelled by evaporation, and uatpr is 
added, but not sujSicient to precipitate bismuth (288); and if a white precipi- 
tate is seen to form on dilution, it is dissolved by sufRcient nitric acid. 

465. The solution is now tested, consecutively : 

(a), with sulphuric acid (and alcohol) to precipitate lead; 

(J), unless removed in first group, with hydrochloric acid to precipitate 
silver ; 

(c), with excess of ammonium hydrate to precipitate bismuth, white (289), 

to dissolve copper, blue (274), 
and to dissolve cadmium, colorless (301). 

Tests (a) and (J) are each made in a small portion of the material ; if, by 
test (a), lead is detected, then lead is removed from the whole material by 
precipitation with sulphuric acid and filtration. The same course is pursued 
with test (b) ; and in ordinary analysis silver is never found in this group, 
being removed in the first group. This precaution provides against the addi- 
tion of a large excess of mineral acids to the whole material, which will then 
be so greatly diluted by neutralizing with ammonium hydrate that test (c) is 
of no value. And in case lead (and silver) have to be removed, the filtrate 
should be evaporated to expel the excess of acid, then used for test (c). 

466. Some analysts dissolve the sulphides, (2) 455, in concentrated nitric 
acid, then dilute and add dilute sulphuric acid (and alcohol) before filtration; 
leaving the lead with the mercury —PbSO^ with HgS. This residue is then 
boiled with ammonium acetate^ which dissolves the lead sulphate, as stated in 
312, and leaves the black mercuric sulphide (with free sulphur) undissolved. 

467. In any case, the addition of alcohol renders the sulphuric acid test for 
lead much more delicate (312) ; but the alcohol must be added very spar- 
ingly, and with a full knowledge that cupric and other sulphates are insoluble 
in alcohol, unless it be very dilute, and these salts may be precipitated by its 
free addition. 

The formation of the yellow precipitate of lead chromate, from the white 
precipitate of sulphate (312), is a convenient confirmation. The solubility of 
the lead chromate in fixed alkalies distinguishes it from the yellow bismuth 
chromate (292), and the same reaction is a characteristic of the sulphate (see 
449). 

468. The precipitation by water, in this section of the group, is character- 
istic for bismuth (288). The reduction of the precipitated hydrate by sugar 
and fixed alkali, with black color (297), distinguishes bismuth from lead and 
from copper, the latter being thereby reduced with a reddish-brown color 
(280). 

469. Owing to the waste of oopper sulphide by ammonium sulphide, dis- 
cussed in 457, a rigid analysis for this metal is most easily accomplished by 
examination of the original solution, or of the filtrate from the first group, by 
reduction with iron, or iron and platinum, according to 280^ 
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The reduced copper may be dissolved by nitric acid, for further reactions. 

470. The Table directs the test for oadmium, by hydrosulphu'ric acid, in the 
ammoniacal solution, which may contain copper or cadmium, or both. Now, 
both copper and cadmium are precipitated as sulphides in alkaline solutions 
(276 and 301) ; if the precipitate is yellow, it cannot contain much cupric sul- 
phide ; if it is black, it may consist largely of cadmic sulphide. But we have 
two agents capable of readily separating CuS from CdS (276) : 

Solution of potassium cyanide dissolves CuS, and leaves CdS undissolved. ? 
Hot dilute sulphuric acid dissolves CdS, and leaves CuS undissolved. } 

471. The separation of mercury, by the insolubility of its sulphide with 
nitric acid (455, portion 3) is generally satisfactory, but it is not rigorously 
exact. There is usually an excess of sulphur with it, but the color of HgS is 
intense enough to blacken a large quantity of sulphur. This precipitate may 
be treated with carbon disulphide to dissolve away the free sulphur ; then 
dried, mixed with sodium carbonate, and sublimed in a small glass tube closed 
at one end (363), with good results. 

The solution with chlorine is generally tested by reduction, most often 
with stannous chloride. Reduction requires, as a matter of course, that the 
excess of chlorine should first be expelled. 

The test by ammonium hydrate (347 and 357) is exceedingly delicate for 
mercury — in either class of combinations — though, of course, not characteristic 
to the eye. It may be used, in any solution, to confirm the absence of mercury. 



472. Flan for separating the Bases without the use of HydrosiQphurio 
Acid or Ammonium Sulphide.* 

The solution (a) may contain salts of: 

I.-Pb,Ag,Hga"; 

II.— Ca,Ba, Sr; 
III.— NH4, Na, K; 
IV.— As, Sb, Sn, Hg", On, Od, Hi; 

v.— Pe, Or, Al; 
VI.— Mn, Mg, Oo, Ni; 

vn.— Zn. 

Add hydrochloric acid to the solation (a) ; agitate, fUter, and wash. 
Precipitate (&): (FbOla); AgOl; HgaOls. 
Solution (c): Salts in solution (a), except Ag and Hga". 



♦ Zettnow : Poggmaorff'8 Armalen, 130, p. 834; Zeltsch. /. anal. Chem., VI. aSOT), 438 ; Waits' DU- 
tkmry. First Supplement, 134. Arranged in tabular form, by H. C. Bolton ; Amer. Chem,^ JSL (1873), 463. 
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The kad in precipitate (ft) is separated by 7u>t water and filtration, then pre- 
cipitated with sulphuric acid, etc. The silver is dissolved by ammo- 
nium hydrate, and reprecipltated by nitric acid ; leaving the mercttry 
as a black residue, insoluble in ammonium hydrate, but soluble in nitro- 
hydrochloric acid. 

The solution (<?) is treated with excess of dilute sulphuric acid; the precipi- 
tate filtered out and washed. 

Precipitate (d): OaSO*; BaSO*; SrSO*; (PbSO*). 

Solution (e): Classes III., IV., V., VI., and VII., of solution (a). 

From precipitate (d)—the calcium, sulphate is dissolved by agitation with 
cold water, and then precipitated by ammonium oxalate. See further, 
for calcium, under filtrate (*). Then, the lead sulphate is dissolved out 
by solution of ammonium tartrate with ammonium hydrate, the solu- 
tion acidulated with acetic add and precipitated by chromate. The resi- 
due—insoluble in water and in ammonium tartrate— contains the ba- 
rium and strontiam sulphates. [These may be separated by first 
transforming them faito carbonates, by boiling with sodium carbonate, 
filtering, and washing out the sodium sulphate ;^ then dissolving the car- 
bonates in hydrocTtloric add, evaporating to dryness, digesting In abso- 
lute alcohol, and filtering. The residue of barinni chloride, free from 
alcohol, dissolved in water, should be precipitated by solution qf stronr 
tium sulphate. The alcohol solution (strontiuxa chloride) may be 
tested for strontium with the fiameJ] 

Solution (e) is divided into a H part and a >i part. The smaller partis tested 
for the alkalieB, as follows : 

Ammonia is detected in vapor, on adding excess of solution of barium hy- 
drate, and boiling. The barlpm Is then removed by precipitation with 
ammonium carbonate (or dilute sulphuric acid), filtering and Igniting the 
evaporated filtrate. The residue Is examined for potassiuxn and bo- 
diuxn, \>j flame colors, both with and without blue glass. 

The 5^ part of solution (e) has yet to be tested for classes IV., V., VI., and VII. : Ai, 
8b, Sn, Hg"', Cu, Cd, Bi; Fe, Cr, Al; Mn, Mg, Co, Ni; Zn. 

This portion of solution («)— left with the excess of sulphuric acid from 
formation of precipitate {d)—iB treated with zinc and a piece qf platinum 
foU in Marsh's apparatus. The evolved gas is tested for arsenic and 
antimony— more perfectly by conducting it into solution of silver nitrate, 
and proceeding as elsewhere provided. The zinc will reduce the remain- 
ing metals of the fourth class. 

Heat the generating flask ten or fifteen minutes, and filter. 
Deposit (/): Sb, Sn, Hg, Cu, Cd, Bi. 

Filtrate (g)\ Fe, Cr, AI; Mn, Mg, Co, Ni; Zn (as sulphates). 

Deposit (/ ), well washed, is treated in an evaporating dish with strong nUaric 
addf and filtered. 

Solution {h): Nitrates of Hg, BI, Cu, and Cd. 

Residue (i): (SbaOs), SnOa. 

Test half of solution (h) with stannom chloride for Mercury. To the other 
half add hydrochloric acid, and boil ; then add excess of sodium hydrate. 
■The precipitated hydrates of bismuth, copper, and cadmium, are treated 
on the filter (after washing) with ammonium hydrate and ammonlmn 
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chloride. The bismuth is left xmdissolyed;* the copper and cad- 
miiun in their ammonia eolatiobs. The copper is recognized by its 
color, and by precipitation with ferrocyanidej after acidulation. The 
cadmium is distinguished from copper by precipitation by sodkim hy- 
drate in the ammoniacal gdutionA 

Residue (i) is washed, and boiled with hydrochloric add, which dissolves 
the antimonic acid, and leaves the metastannic add undissolved. The 
solution is tested with platinum and zinc for antimony. The residue 
is dissolved, with action of nascent hydrogen, by hydrochloric acid ivith 
zinc, and tested with mercuric chloride for tin. 

Treat filtrate ig) with nitric add, for oxidation. Teat a small portion with 
sulphocyanate, for iron. Treat the remaining portion with barivm car- 
bonate (after neutralizing with ammonia); digest for some time, and 
filter.^ 

Precipitate 0'): Cra(OH)fl, Ala(OH)6, with Pea(OH)e, and excess of BaCO*. 

Filtrate (Ic): Mn, Mg, Oo, Ni; Zn (as sulphates). 

Treat precipitate (J) with dilute sulphuric acid, to remove the barium, and 
filter Boil the filtrate to expel carbonic anhydride ; then boil with«B- 
ccffs of sodium hydrate, and digest with a little potassium permanganate 
to oxidize the chromium to chromate. Test a portion of this soda solu- 
tion with lead acetate (after acidulation with acetic acid) for chromium. 
Treat another portion with ammonium chloride in excess for precipita- 
tion of aluminium. § 

From filtrate (*), remove the barium by adding a very slight excess of sul- 
phuric acid, and filtering ; then add ammwiinm carbonate in slight ex- 
cess to precipitate mang'anese, and filter. Test a portion of the pre- 
cipitate for manganese, by fusion with sodium nitrate and carbonate. 
Treat another portion for calcium, which escapes precipitate d, by add- 
ing ammonium hydrate to neutralize ; then much amm^onium chloride, 
and ammonium oxalate. To the filtrate, add sodium phosphate to preci- 
pitate mafirnesium, and filter. Evaporate the filtrate to dryness ; it 
may contain cobalt and nickel. Dissolve it in hydrochloric acid, and 
add potassium nitrite and acetic acid and lieave some hours to precipi- 
tate cobalt, and filter. To the filtrate, add sodium hydrate, for the pre- 
cipitation of nickel. 

To test for, zinc (seventh dass), take a portion of solution («)— or prepare it 
anew from the original solution by treatment, successively, with sul- 
phuric and hydrochloric acids and filtration ; and warm with eaxess qf 
sodium hydrate, and filter.1^ The filtrate (sodium zincate) is nearly neu- 
tralized with ammonic carbonate, and treated with amnionic chloride as 
long as ammonia escapes, and again filtered. The last filtrate is tested 
mth potassium ferrocyanide for a precipitate of zinc. 



* The residue is dissolved in hydrochloric acid, and the solution treated with much wetter, for the more 
certain determination of bisniuth. 

t In case that mach copper is present, the test for cadmium is better made as follows : The solution 
is strongly acidulated with hydrochloric acid, and boiled ; then, while hot, treated with successive small ad- 
ditions of solution of sodium thiosvlphate, to completion of the black precipitate, the liquid being milky 
with sulphur. After filtration, the filtrate is tested by sodium hydrate for cadmium. 

X If the presence of phosphoric acid is to be provided for, add enfSLcient ferric chloride, and digest be- 
fore neutralizing and adding barium carbonate. 

S Manganese, and even other metals belonging in filtrate k, may be precipitated from their sulphates by 
barium carbonate, in absence of stiffldent ammonium chloride. 

1[ Zettnow directs to " boil '* with the excess of sodium hydrate, but this is liable to precipitate zinc. 
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473. Ck)ld is not tarnished or affected by air or water at any temperature, or by hy- 
drosulphuric acid. Neither nitric nor hydrochloric acid attacks it under any conditions; 
but it is rapidly attacked in vapor or solution by chlorine, dissolving promptly in nitro- 
hydrochloric acid, as auric chloride, AuCls ; by bromine, dissolving in bromine water, 
as amric bromide, AuBts ; and by iodine, dissolving when finely divided in hydriodic 
acid by aid of the air and potassium iodide, as potassium auric iodide, KIAuIs (a). Cy- 
anide of potassium solution, with aid of the air, dissolves precipitated gold as potassium 
aurocyanide, EAuCya (b)i 

a, 2Au + 6HI + 2EI + SO = SEXAuI, + 3H,0 

b. 2Au + 4KOy + O + HaO = 2KAuOya + 2KOH 

474. Gold forms two oxides : aurous^ Au'aO, and oMric, Au'^aOs ; but forms no 
stable oxy-salts. It forms the two classes of haloid salts, corresponding to the oxides. 
The aureus chloride, AuCl, and other aureus salts, are either insoluble in water or de- 
composed by water with partial solution and separation of gold, 3AuCl = 2Au + And,. 
— The auric chloride, AuCla, and bromide, are soluble in water; the iodide decomposed 
by water, with precipitation of yellow aureus iodide ; the sulphide insoluble in water. 
There are many double salts of gold and alkali metals, mostly soluble in water: double 
chlorides and iodides ; aurocyanides, as NH4AuCy3, and auricyanides, as EAaCy4 ; and 

, sodio aureus thiosulphate, Na8Au(S20s)a, soluble in water. 

Gold is most readily separated and distinguished by reduction to the metallic state. 

475. Fixed alkali hydrates do not precipitate solution of auric chloride ; 
ammonium hydrate precipitates, in concentrated solution, a reddish-yellow 
ammonia aurate, (NHj^Au^Og, "fulminating gold." — Hydrosulphuric 
acid, and sulphides, give, in cold solutions, a black precipitate of auric sul- 
phidey Au^S, ; in boiling changed to aurous sulphide, Au^S, brown. These 
sulphides are slowly soluble in yellow alkali gnlphides, forming alkali siil- 
phaurates, as Na^AuS, ; not soluble in colorless alkali sulphides ; soluble in 
nitro-hydrochloric, not in nitric or hydrochloric acid. Acids reprecipitate 
auric sulphide from the sulphaurate solution. i 

Potassium iodide, added in small portions to solution of auric chloride 
(so that the latter is constantly in excess where the two salts are in contact), 
and when equivalent proportions have been reached, gives a yellow precipitate 
of aurous iodide, Aul, insoluble in water, soluble in large excess of the 
reagent; the precipitate accompanied with separation of free iodine, brown, 
which is quickly soluble in small excess of the reagent as a colored solution 
[AuCn, + 4KI = Aul + 3KCn + 21 with KI]. But, on gradually add- 
ing auric chloride to solution of potassic iodide, so that the latter is in excess 
at the point of chemical change, there is first a dark-green solution of potassic 
auric iodide, KXAuI, ; then a dark-green precipitate of auric iodide, Aul,, 
very instable, decomposed in pure water, more quickly by boiling ; changed 
in the air to the yellow aurous iodide. 
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All reducing agents are oxidized by auric chloride, with precipitation or / 
gold — at first of a brown to a violet color, acquiring, when triturated, the color 
and lustre which distinguish it in mass. The metals, and all lower oxides and 
salts, reduce gold. Ferrous sulphate forms it in brown precipitate ; stan- 
nous chloride gives a purple precipitate, *jDurple of Cassius," Au^O, contain-^\ 
ing the o xides of tin : ^ — — ^ -— ' 

2AuoT, + 6FeCl, = 2Au + SPeaOl. 

476. Gold is reduced from many of its compounds by light, and from all 
of them by heat — its separation in the dry way being readily effected by 
fusion with such reagents as will make the material fusible. Very small pro- 
portions are collected in alloy with lead, by fusion ; after which the lead is 
vaporized in " cupellation," as described for silver (341). 

477. Gold is separated, from its alloys with silver and base metals, by 
solution in nitric acid ; the gold being left as a black-brown powder — ^together 
with platinum and oxides of antimony and tin. When the gold-silver or gold- 
copper has not over 20 p. c. gold, nitric acid of 20 p. c. disintegrates the alloy, 
and effects the separation ; when the gold is over 25 p. c, silver or lead (three 
parts) must be added, by fusion, to the alloy before solution. (If gold-silver 
alloy contains 60 p. c. or more of silver, it is silver-color; if 30 p. c. silver, a 
light brass-color ; if 2 p. c. silver, it is brass-color.) 

If gold and other metals are obtained in solution by nitro-hydrochlorio 
acid, leaving most of the silver as a residue, the noble metals can be precipi- 
tated by zinc or ferrous sulphate, and the precipitate of gold, silver, etc., 
treated with nitric acid, which will now dissolve out any proportion of silver 
not less than 15 p. c, to 85 p. c. of gold, and dissolve the baser metals. Con- 
centrated sulphuric acid dissolves silver, and leaves gold. 

Oxalic acid reduces gold from solution, not too strongly acid, slowly but 
completely. To the auric chloride, it is better to add both ammonium Oxalate 
and oxalic acid. Platinum, palladium, and the second group metals are not 
reduced by oxalic acid ; hence, whenever the systematic analysis of a solution 
is made to include gold, this metal should be tested for and removed hy oxalic 
acid, before the first and second group precipitations. 



PLATINUM. 

478. A tin-white metal, nearly as lustrous as silver, fusible in the oxy*hydrogen blow- 
pipe flame, by which it can be vaporized. It is obtained as a soot-black powder — 
" platinum-black " — by reduction from solution of alkali and alcohol ; and as a gray, 
porous, slightly coherent mass — ** platinum-sponge " — by ignition of ammonio-platinic 
chloride. Both these bodies are remarkable for adhesive power; and both, by strong 
compression, become compact, malleable, and lustrous, in the ordinary form of the metal. 
Platinum is not affected by air or water, at any temperature ; is not sensibly tarnished 
by hydrosulphuric acid vapor or solution; and is not attacked at any temperature by 
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nitric acid, hydrochloric acid, or sulphuric acid, but dissolves in nitro-hydrochlozic 
acid, to platinic chloride, less readily than gold. 

479. The Preservation of Platinnni Vessels requires that it be remem- 
bered: (1) That free chlorine and hromine attack platinum at ordinary tem- 
peratures (forming platinic chloride, bromide) ; and free sulphur ^ phosphorus^ 
arsenic, seleniwriy and iodine, attack ignited platinum (forming platinous sul- 
phide, platinic phosphide, platinum-arsenic alloy, platinic selenide, iodide). 
Hence, the fusion of sulphides, sulphates, and phosphates, with reducing 
agents, is detrimental or fatal to platinum crucibles. The ignition of organic 
substance containing phosphates acts as free phosphorus, in a slight degree. 

The heating of ferric chloride, and the fusion of bromides, and iodides, act 
to some extent on platinum. 

(2.) The alkali hydrates (not their carbonates) and the alkaline-earths, 
especially baryta and lithia, with ignited platinum in the air^ gradually cor- 
rode platinum (by formation of platinites : Pt -|- BaO -|- O = BaO.PtO). 

(3.) All metals which may he reduced in the fusion — especially com- 
pounds of lead) bismuth) tin, and other metals easily reduced and melted— 
and all metallic compounds with reducing agents (including even alkalies and 
earths) form fusible alloys with ignited platinum. Mercury, lead, bismuth, 
tin, antimony, zinc, etc., are liable to be rapidly reduced, and immediately to 
melt away platinum in contact with them. 

(4.) Silica with charcoal (by formation of silicide of platinum) corrodes 
ignited platinum, though y^ry slowly. Therefore, platinum crucibles should 
not be supported on charcoal in the furnace, but in a bed of magnesia, in an 
outer crucible of clay. Over the flame, the best support is the triangle of 
platinum wire. 

(5.) The tarnish of the gas-flame increases far more rapidly upon the already 
tarnished surface of platinum — going on to corrosion and cracking. The sur- 
face should be kept polished— -preferably by gentle rubbing with moist sea- 
sand (the grains of which are perfectly rounded, and do not scratch the metal). 
Platinum surfaces are also cleansed by fusing horax upon them, and by diges- 
tion with nitric acid. 

480. Platinum forms two oxides, platinous oxide, Pt"0, and platinic oxide, Pt""Oi 
— ^both of which represent corresponding classes of oxy-salts and haloid salts. The oxy- 
salts are instable. — None of the platinous compounds are permanently soluble in pure 
water ; the chloride is soluble in hydrochloric acid, the sulphate in water acidulated with 
sulphuric acid. — Platinic chloride (PtOl4) and bromide, all the platinicyanides (as 
PbPtOya), and the platinocyanides of the metals of the alkalies and alkaline earths (as 
KaPtCy4), are soluble in water. The platinous and platinic nitrates are soluble in water, 
but easily decomposed by it, with the precipitation of basic salts. The larger number of 
the meiallo-platinic chlorides or ** chloroplatinates " are soluble in water, including those 
with sodium [NasPtCle or (NaCl)t2ptCl4], barium, strontium, magnesium, zinc, alumi- 
nium, copper; and those with potassium, and ammonium, are sparingly soluble in water, 
and owe their analytical importance as complete precipitates (40) to their insolubility 
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in alcohol. Of the metallo^laHnoua chlorides (the "chloroplatinites")— those with so- 
dium [NaaFtCl4 or (.NaCl)3PtCla], and barium, are soluble; zinc, potassium, and ammo- 
nium, sparingly soluble; lead and silver, insoluble in water. Platinic sulpJiate, Pt(S04)a, 
is soluble in water. 

481. Platinoiui chloride, PtCla, is a greenish-brown powder, soluble in hydrochloric 
acid without change, as a dark-brown solution, which remains platinous if protected from 
the air, but becomes platinic in contact with the air. The. purely platinous chloride solu- 
tion is precipitated by potassium hydrate and sodium hydrate as platinous hydrate, 
Pt(OH)a, dark-brown, soluble in excess, as alkali platinite, KsO.PtO, etc. ; from which al- 
kaline solutions, alcohol precipitates *' platinum black " (478). — Ammonium hydrate gives 
a green crystalline precipitate of platino'diammonium chloride, NaHoPtCla, insoluble in 
cold water and in alcohol (compare 347). Hydroflulphuric acid very slowly precipitates 
plati7wus sulphide, PtS, black, sparingly soluble in water, not affected by the acids or 
chlorine or potassium hydrate, sparingly soluble by ammonium sulphide. — Iodide of po- 
tassium slowly precipitates platinous iodide, Ptia, red-brown to black.— Oxalic acid pro- 
duces no change; ferrous sulphate (slowly), and zino (quickly), reduce the metal. 

482. Platinic Chloride, PtCl^, is a brown-red solid, dissolving in water, 
or alcohol, as a reddish-yellow solution, permanent in the air. — Potassium 
hydrate, and ammonium hydrate, give, in solutions not very dilute, a yel- 
low crystalline precipitate, as potassium platinic chloride, or potassium chlo- 
roplatinate, (KCl),PtCl^, etc.; slightly soluble in water, insoluble in alcohol, 
soluble in excess of the alkalies, and reprecipitated by hydrochloric acid. 
Chlorides of potassium and ammonium give the precipitate, the most nearly 
complete. Carbonates of potassium and ammonium form the same precipi- 
tates, insoluble in excess. Sodium carbonate gives no precipitate. Sodium 
hydrate slowly precipitates, in moderately concentrated solutions, after warm- 
ing, the (brownish-yellow) sodium platinate, Na^CPtOg. — Potassium iodide 
colors the solution brown-red, and precipitates the black platinic iodide, Ptl^ ; 
with excess of the reagent, forming the sparingly soluble potassium platinic . 
iodide, {ILVj^tl^, brown. Sodium iodide the same. — Hydrosulphuric 
acid, and ammonium sulphide, slowly precipitate the hlack platinic sulphide, 
PtSg, slightly soluble in water, soluble by chlorine, and soluble in ammonium 
sulphide, as ammonium sulphoplatinate ; sodium sulphoplatinate is likewise 
soluble, reprecipitated by acids. Phosphates form no precipitate. Seduction ' 
is not effected by oxalic acid (distinction from gold) ; is slowly accomplished 
by ferrous sulphate, and rapidly by zinc; also by chloral hydrate, and 
excess of alkali with heat (formiate) ; the reduced metal being, in each case, 
in black powder. — By the reducing blow-pipe flame, the compounds of platinum 
are reduced to spongy platinum. 
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PALLADIUM. 



483. A white metal, more lustrous than platinum, with which it is classed, in accord- 
ance with its general properties. It is, however, a little more fusible and volatile (in the 
ozyhydrogen flame), and much more oxidizable than platinum. In the air, it is little 
tarnished at ordinary temperatures, but at a red heat it covers with oxide. — It is slightly 
attacked by'boiling hydrochloric or sulphuric acid; dissolves in nitric acid, with forma- 
tion of palladic nitrate, and if in the cold, with separation of nitrous acid, which remains 
in solution ; more readily in nitro-hydrochloric acid, as palladic chloride, FdCl4. It is 
blackened by alcoholic solution of iodine (distinction from platinum). 

484. Palladium forms one stable oxide, palladious, PdO, and two chlorides, palladious, 
PdCla, and palladic, FdCU. The latter is the most stable of the palladic combinations, 
but is reduced to palladious chloride by boiling in water, and by dilution with much cold 
water. 

485. Palladious chloride is readily soluble in water with a brownish-red color; with 
metallic chlorides, it forms double chlorides, as potassio palladious chloride or " potassium 
chloropalladite," (KCl)aPdCla, all of which are soluble in water. — Palladious iodide is 
insoluble in water, alcohol, or ether; insoluble in dilute hydrochloric acid or hydriodic 
acid; slightly soluble by iodides and by chlorides. — Palladious nitrate, Pd(N08)s, is 
soluble in water with free nitric acid ; the solution being decomposed by dilution, evapo- 
ration, or by standing, with precipitation of variable basic nitrates. Palladious sulphate, 
PdS04, dissolves in water, but decomposes in solution on standing. 

The instable palladic chloride, brown-black in solution, forms double chlorides with 
the metals — as calcio palladic chloride or ** calcium chloropalladiate," OaCl2PdOl4— these 
being mostly stable in water, and mostly soluble in water and in alcohol. The potassium 
palladic chloride (red), as an exception, is slightly soluble in water and insoluble in alco- 
hol, but partially decomposed by both solvents. 

486. Palladious Chloride is precipitated by potassium hydrate or sodium hydrate, 
as brown basic salt or as brown palladious hydrate, Pd(OH)a, soluble in excess of the hot 
reagents. Ammonium hydrate gives a flesh-red precipitate of palladio-diammonium 
chloride, NaHePdCls (compare 347). The flesh-red precipitate is soluble in excess of the 
ammonia, and from this solution reprecipitated by hydrochloric acid, with a yellow color. 
The fixed alkali carbonates precipitate the hydrate ; ammonium carbonate acts like the 
hydrate. — Hydrosulphuric acid and sulphides precipitate the dark-brown palladious 
cyanide, PdS, insoluble in the ammonium sulphides, soluble in nitro-hydrochloric acid. 
— Potassium iodide precipitates palladious iodide, Pdia, black, visible in 500,000 parts 
of the solution, with the slight solubilities stated in 485, an important separation of iodine 
from bromine. In very dilute solutions, only a color is produced, or the precipitate 
separates after warming. At a red heat, the precipitate is decomposed. Potassium 
cyanide precipitates palladious cyanide, PdOya, white, soluble in excess of the reagent. 
—Chloride of potassium precipitates, from highly concentrated solutions, the golden- 
yellow, crystalline, potassium palladious chloride, (KCl)aPdCla (485). Phosphates give 
a brown precipitate, 

Palladious nitrate gives most of the above reactions ; no precipitate with ammonia, 
and a less complete precipitate with iodides. 

487. Palladium is reduced, in dark-colored precipitate, from all compounds in solu- 
tion, by sulphurous acid, stannous chloride, phosphorus, and all the metals, which pre- 
cipitate silver (340). Ferrous sulphate reduces palladium from its nitrate, not from its 
chloride. Alcohol, at boiling heat, reduces it ; oxalic acid does not (distinction from gold). 
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— Nearly all its compounds are reduced by heat, before the blow-pipe, to a ** sponge." If 
this be held in the inner flame of an alcohol-lamp, it absorbs carbon at a heat below red- 
ness ; if then removed from the flame, it glows vividly in the air, till the carbon is aU 
burnt away (distinction from platinum). 



MOLYBDENUM. 

488. A silver-white, hard and brittle metal, fusible at the highest furnace heat. It 
is not oxidized in the air at ordinary temperatures; but when slowly heated, it gains a 
brownish-yellow, then a blue tarnish ; and at a higher heat, it burns to MoOt. It is 
oxidized by water vapor at a red heat. It is quickly diBSOlved by nitrio acid, as molyb- 
dic anhydride (MoOs), with evolution of nitric oxide; slowly by hot, strong sulphuric 
acid, with liberation of sulphurous anhydride. Molybdenum forms three olasses of com- 
pounds, viz., molybdoua oxide, Mo''0; chloride, MoCla, and other molybdous salts; 
molyhdic oxide, Mo""09 ; chloride, M0CI4, and corresponding salts ; and molybdic 
cnihydridBy Mo^^Ot, which combines with bases, to form stable molybdates — ^also feebly 
unites with strong acids. Each of these classes includes stable salts; the two bases are 
converted into molybdic acid or molybdates by strong oxidizing agents; while molybdates 
are reducible to one or the other of the bases by deoxidizing agents. 

489. The molybdous salts are not generally very permanent in solutipii!- 'The chloride 
is soluble (in dilute hydrochloric acid ?) ; the bromide and iodide decofiiposed in water to 
oxybromide and oxiodide ; the sulphate decomposed by water to a soluble and.^n insoluble 
salt ; the nitrate soluble in water. The solutions are dark-browfciud opaq^. 

Water disBolves molyhdic chloride, bromide (yellow-brown^BSition), iodide (red solu- 
tion), nitrate and sulphate (reddish -brown solutions). ' 

Molybdic anhydride is very sparingly soluble in water (800 parts). It does not form 
an acid in the solid state. The normal molybdates of the alkali metals (as E3M0O4) are 
soluble, of the remaining metals insoluble in water. The molybdenum trisulphate, 
Mo(S04)3, and molybdenum hexi-chloride MoCle, are soluble in water; the correspond- 
ing nitrate, Mo(N08)e) soluble in dilute nitric acid. 

490. MolybdouB salts, as Mo(N08)3, with alkali hydrates and carbonates, precipi- 
tate the dark-brown molybdous hydrate, becoming blue in the air by oxidation to molybdic 
molybdate, Mo(Mo04)9 and MosOs. The hydrate is insoluble in alkalies, sparingly 
soluble in alkali carbonates, readily soluble in alkali hydrogen carbonates. With hydro- 
solphxuio acid and sulphides, a brown precipitate of molybdous sulphide, MoS, soluble 
in ammonimn sulphide. 

491. Molybdic salts, as M0CI4, with alkali hydrates and sulphides, give reactions 
corresponding with molybdous salts, and likewise turn blue in the air, by formation of 
intermediate oxides. The precipitated hydrate is reddish-brown; it dissolves in alkali 
carbonates by formation of alkali molybdates. Zinc precipitates molybdous hydrate, by 
reduction. 

492. Molybdic Anhydride is a white powder, or is in needle-form crys- 
tals, turning yellow when hot and again white on cooling; melting at a red 
and vaporizing at a white heat. It is soluble by acids, and by alkali-hydrates, 
especially ammonia, in formation of molybdates. 

493. Water solutions of MOLYBDATES, with acids, precipitate molybdic 
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anhydride, MoO„ white, soluble in excess of the acids.* Hydrosulphuric 
acid colors the molybdate in neutral or alkaline solutions, yellow to brown, 
without precipitation; but from the acid solutions it precipitates the brown 
MoS,, sulpJiomolyhdic acidy the supernatent liquid appearing blue. The pre- 
cipitate is soluble in ammonium sulpliide, better when hot and not too con- 
centrated, as ammonium sulphomolybdate, (NH^)jMoS^, from which acids 
reprecipitate MoS,. 

494. Tribasic phosphoric acid and its salts precipitate, from strong nitric 
acid solutions of ammonium molybdate, somewhat slowly and on warming, 
ammonium phosphomolyhdate, yellow, of variable composition, soluble in 
ammonia and other alkalies, sparingly soluble in excess of the phosphate. 
Hydrochloric acid may be used instead of nitric. The sodium phosphomolyl- 
date is soluble in water, and precipitates ammonium from its salts ; also, it 
precipitates the alkaloids — for which reaction it has some importance as a 
reagent.f (Compare Ammonium, 62.) 

Arsenic acid and arseniates give the same reaction ; ammonium arsenomo- 
lyidate being formed. 

Recent molybdic anhydride, well washed (with alcohol and then water), on digestion 
with aqueous phosphoric acid, forms a lemon-yellow salt, insoluble in water, but slowly 
soluble in excess of the hot phosphoric acid, as acid permolybdic phosphate or phospJio- 
molybdic acid. It is soluble in alcohol as well as in water; the solution giving, with am- 
monia and with alkaloids, the yellow precipitate of ammonium phosphomolybdate, etc. 

495. The alkaline solutions — normal molybdates of the alkali metals — ^give, with all 
non-alkali salts, precipitates of non-alkali molybdates, the latter being insoluble (or 
sparingly soluble) in water, as stated in 489. The following are some of the reactions 
giving precipitates: 

BaOla = BaMo04 + 2K01 

Pb(NO,)a = PbMo04 (wulfenite) -f 2KN0, 

CaS04 = OUM0O4 (yellow-green) -f E3SO4 

496. Reducing agents convert molybdic acid either into the hlue inter- 
mediate oxides (490), or, by further deoxidation, into the black molybdous 
oxide, MoO. In the (hydrochloric) acid solutions of molybdic acid, the blue 
or black oxide formed by reduction, will be held in solution with a blue or 



♦ In making the solution of molybdate with nitric acid, used as a reagent, the slightly alkaline solution 
of the molybdate is poured into the nitric acid, plowly, with stirring. 

t Sodium P?u>8phomolybdate—%orir\eix%chem''B reagent for acid solutions of alkaloids — is prepared w 
follows : The yellow precipitate formed on mixing acid solutions of ammonium molybdate and sodium 
phosphate— the ammonium phosphomolybdate— is well washed, suspended in water, and heated with so- 
dium carbonate until completely dissolved. The solution is evaporated to dryness, and the residue gently 
ignited till all ammonia is expelled, sodium being substituted for ammonium. If blackening occurs, from 
reduction of molybdenum, the residue is moistened with nitric acid, and heated again. It is then dissolved 
with water and nitric acid to strong acidulation ; the solution being made ten parts to one part of residne. 
It must be kept from contact with vapor of ammonia, both during the preparation and when preserved 
for use. 



K,Mo04 


+ 


K!iMo04 


+ 


K,Mo04 


+ 



Digitized by VjOOQ IC 



Molybdenum. 155 

brown color. Nitric acidulation is, of course, incompatible with the reduction. 
Certain reducing agents act as follows : 

Ferrous salts (in the hydrochloric acid solution) give the Hue oxidei 
solution. Cane sugar^ in the feebly acid boiling solution, forms the blue color 
— seen better after dilution ; a delicate test. Stannous chloride forms first 
the bluBy then the browfiy or the greenish-hroyfu to black-brown, solution of 
both the intermediate oxide and the molybdous Oxide. Zinc gives the blue, 
then green, then brown color, by progressive reduction. Formic and oxalic 
acids do not react. — Dry molybdates, heated on platinum foil with concentrated 
sulphuric acid to vaporization of the latter, form, on cooling in the air, a blue 
mass — a very delicate test.* 

497. With microcosmic salt, in the outer blow-pipe flame, all compounds of molyb- 
denum give a bead which is greenish while hot, and colorless on cooling; in the inner 
flame, a clear green bead. With borax, in the outer flame, a bead, yellow while hot, and 
colorless on cooling; in the inner flame, a brown bead, opaque if strongly saturated (mo- 
lybdous oxide). On charcoal, in the outer flame, molybdic anhydride is vaporized as a 
white incrustation; in the inner flame (better with sodium carbonate), metallic molybde- 
num is obtained as a gray powder, separated from the mass by levigation. 



* A solution of 1 milligram of sodium (or ammoninm) molybdate in 1 c.c. of concentrated snlplmiic 
acid (about 1 part to 1.840 parts) is in nse as Frcehdx^s Reagent for alkaloids. The molybdennm in this so- 
lution, which must be freshly preiMired for use each time, is reduced by very many organic substances ; and 
with a large number of alkaloids, it gives distinctiYe colors, blue, red, brown, and yellow. 
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Reactions of Certain Rare Metals. 



498. Reactions of Ruthenium, Iridium, Rhodium, and Osmium. 



In solution aa 
H3S, inacidsoL 



(KH4)aSa, in ex- 
cess. 

KOH or KaOH, 
in 



SnCla. 

Zn. 

KKO3. 



BU3CI0, 
orange. 

BuaSs, brown, form- 
ed slowly, ¥rtth 
bine 80I. 

Solution formed with 
difficulty. 

Bua(OH)6, black. 



Pre., blue to black. 

Pre., sol. in excess, 
turned to dark-red 
by(NH4)aS. 

(1) 



(Na01),IrOl4, 
iTaSj 4- S, brown. 



Solution. 



Brown-black pre., 
turning blue. 



(NaOI)cIrsCl«. 

Ir, black. 

Ir(OH)4 + KNOa, 
boiled with SO3, 
green pre. 

(2) 



KsBhCSOOs, 

rose-colored. 

BhaS,, brown, sol 
in hot nitric acid. 



Precipitate. 



Solution, pre. by alco- 
hol. 



Bh, black. 
Pre., orange. 

(3) 



(KCl)ePsaCl„ 
sparingly somble. 

OsS. brown, formed 
only by strong acid. 



Precipitate. 

Ob(OH)4, brown-red. 

Brown pre. 

Os. 

No change. 

(^ . 



(1) Potassium sulphocyanate, in absence of other platinum metals, slowly forms a red edor^ 
turning to violet when boiled. 

(2) The metal is insoluble in all acids. After fusion with sodium hydrate and oxidizing agents, it dlB- 
solves by nitro-hydrochloric acid. 

(3) The metal is insoluble in all acids ; but by fusion with potassium hydrogen sulphate, forms the solu- 
ble salt above taken. 

(4) The metal vaporizes at white heat, and bums to OSO4, an acidulous anhydride, having an irritating 
and offensive odor, and forming instable osmat^s of great oxidizing power. Osmates separate iodine from 
iodides, decolorize indigo solution, and, with sulphites, give a deep violet color or blue precipitate. 



499. Reactions of Tellurium, Selenium, and Tungsten. 



In solution as 
HaS in acid sol. 

(NH4)aSa, excess. 
SnCla. 



Fusion on Oh, 
withNaaCOs. 



KaTeOj. 

TeSfi. 
brown. 

No pre. 

HaTeOs, 

white pre. 



Te, 



black. 



K3Te04. 



Boiled, HaTeOs, 
and 01. 



KaaTe, staining Afir, and with acids 
giving H«Te, havmg odor of HaS, 
and dissolving red. 



(1) 



(2) 



NaaSeO,. 
SeSft. 

No pre. 
No pre. 

Se, red. 



NaaSe04. 



Boiled, HoSe- 
1,, and OL 



Na^Se, stall 
acids giving H 
odor, soluble in water. 



AfiTf and with 
iaSe, of foetid 



(4) 



NaaW04. 

Bine Bolntioo, 
Wa06 

No pre. 

HaWOf, 

white pre., 
then yellow. 

Yellow pre., 
heated with 
HCl, blue. 

W, black. 



(5) 



(1) The tellurites of the alkali and alkalhie earthy metals are soluble in water, the other tellurites 
insoluble. 

(2) The teUwrates of the alkali metals, alone, are soluble in water. 

(3) Except those of the alkali metals, the selenites are insoluble in water. 

(4) Lead, barium, strontium, and calcium seknates are insoluble in water ; other selenates, soluble. 
Barium selenate, insoluble in HOI. 

(5) Of the tvngstatesy only those of the alkali bases dissolve in water. ^ 
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PART II. 

THE KON-METALS AiO) THE ACODS. 



500. The three elements, chlorine, bromine, and iodine, resemble each other in almost 
all their properties, reactions, and combinations, differing (as do their atomic weights, 35, 
80, 127) with a regular progressive variation ; so that their compounds present themselves 
to us as members of progressive series. In several particulars fluorine (atomic weight, 19) 
corresponds to the first member of this series. 

501. CHLOBINE is a greenish-yellow, suffocating gas, dissolved spar- 
ingly by cold water, very slightly by hot water. The solution bleaches litmus ; 
but on standing, the CI is converted into HCl (a), when it reddens litmus, and 
is no longer fit for use as a reagent. Chlorine is dissolved freely by alkali 
hydrates, with combination (&), the solution having especial oxidizing force 
(526). Jn distinction from hydrochloric acid, it bleaches moist litmus, and 
indigo solution ; precipitates sulphur from hydrosulphuric acid, and icdine 
from solutions of iodides — slight traces of it being revealed by the blue color 
with solution of potassium iodide and starch — and acts in presence of w^ater 
as a very powerful oxidizing agent (a). It displaces bromine, as well as 
iodine. It dissolves gold-leaf, and mercuric sulphide (distinctions from nitric 
acid). Like hydrochloric acid, it precipitates solution of silver nitrate (c), 
and plumbic and mercurous salts ; and forms, with vapor of ammonia, a white 
cloud of NH^CI. With ammonium salts, chlorine is liable to cause explosion, 
nitrogen chloride being formed (63). For the Oxidations caused by chlorine, 
see 820. 

a, 20i + H,0 = O + 2H01 

J. 601 + eKOH = 6K01 + EOlOa + 8H9O 

Or; 201 + 2KOH = KOI + KOlO + H»0 

c. 601 + GAgNOs -f 8H3O = 5Ag01 + AgdOs + 6HNOt 

602. The most important Acids containing Chlorine are : 
Hydrochloric acid, HCl'. 
Chloric acid, HCI^O,. 
Perchloric acid, HCI^O,. 
Hypochlorous acid, HCl'O. 
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HYDBOCHLOBIC ACID. 

503. Absolute hydrochloric acid is a colorless, caustic, suffocating gas. 
It dissolves in about two parts by weight of water ; so that its strongest per- 
manent solution contains about 33 per cent, of acid (HCl) ; but this solution 
rapidly evolves acid in the air, more rapidly on warming, less rapidly as the 
solution loses strength. When of 20 per cent, acid, the liquid boils at 112° C. 
(233^ F.), vaporizing with the water of its solution. 

504. Gaseous hydrochloric acid escapes with slow efferyescence when 
liberated from compounds in concentrated solution; reddens litmus; with 
vapor of ammonia, gives a white cloud (NH^Cl as a solid), somewhat more 
dense than the fumes caused by the other volatile acids; and, like aqueous 
hydrochloric acid (508), precipitates chlorides from salts of the first group 
metals, when brought in contact with their solutions — a drop adhering to a 
glass rod being held in the gas. 

505. Hydrochloric acid is formed from metallic chlorides by transposition 
with sulphuric acid; except that mercury, silver, lead, and tin chlorides are 
transposed with difficulty, or not at all, by sulphuric acid : 

2Na01 + HaS04 = Na,S04 + 2HC1 

506. The normal Chlorides are all soluble in water, except those of the 
metals of the first group ; silver, AgCl ; mercurous, Hg,Cl, ; and lead, 
PbCl, — the last named being sparingly soluble. In analysis, the silver pre- 
cipitate is most used (509), If bromides are present (535), the chlorochromic 
test is most conclusive (512). Separation from iodides, 577. 

A large number of the metallic chlorides are soluble in alcohol, and several 
are soluble in ether. 

507. The chlorides of metals are, generally, more volatile than other com- 
pounds of the sample metals ; example, ferric chloride. 

508. Solutions of chlorides and hydrochloric acid are precipitated, bv 
solutions of silver salts, as silver chloride^ AgCl, white (332) ; by solutions 
of mercurous salts, as mercurous chloride, Hg^Cl,, white (350) ; and by 
solutions of lead salts, when not very dilute, as lead chloride, PbCl,, white 
(313). Silver nitrate solution is the most complete and convenient precipi- 
tant for chlorides. 

509. The properties of the precipitate of silver chloride are given in 332, 
and in 328. It is bf analytical interest, that it is freely soluble in ammonium 
hydrate (considerably more freely than the bromide, and far more freely than 
the iodide of silver) ; soluble in hot, concentrated solution of ammonium 
carbonate (which dissolves traces of bromide, and no iodide of silver) ; in- 
soluble in nitric acid, or but temporarily soluble in strong nitric (as in hydro- 
chloric) acid, and precipitating again on dilution. It should be observed, that 
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it is appreciably soluble in solutions of chlorides, and in ammonium nitrate ; 
hence, in reprecipitating traces of it, by nitric acid, from the ammonia solution, 
if there is excess of ammonium hydrate, this should first be expelled : 



2AgCl 


+ 


3NH4OH 


= 


(NHOsCAgOl), 


+ 


3H3O 


(NH3)3(Ag01), 


+ 


3HNO, 


= 


2Ag01 


+ 


3NH4NO. 



510. Oxidizmg agents (with heat) decompose hydrochloric acid, or 
metallic chlorides with an acid ; chlorine being liberated, by oxidation of the 
hydrogen of the hydrociiloric acid or of the metal of the chloride, in this way, 
manganese dioxide (511), lead dioxide (306), chromic anhydride (512), nitric 
acid (513), and chlorates (522), produce chlorine from chlorides, l^'or other 
reactions of Oxidizing Agents, see 821. 

611. The action oi manganese dioxide is formulated as follows : 

4H01 + MnOs = MnCl, + 2HaO + 2C1 
Or; 2Na01 + 2HaS04 + MnOa = Na^SO* + MnSO* + 2H2O + 201 

This reaction is applied in the manufacture of chlorine, which is distilled 
from the mixture, and can be used in analysis for evidence of chlorides. 

A test for traces of free hydrochloric acid, in distinction from metallic 
chlorides, is made by heating the solution with MnO,, without ^adding an acid, 
and distilling into a solution of potassium iodide and starch. Larger propor- 
tions of HCl are more frequently separated by distilling it intact. 

512. The reaction with chromic anhydride is in use as a test for hydro- 
chloric acid, more especially in presence of bromides : 

a. 2HC1 + OrOs = OrOaOla (chlorochromic anhydride) + HaO 
I. 4Na01 + HaCraOr + SHaSO* = 

20rOa01a + 2NaaS04 + KaS04 + 3H2O 

To obtain a rapid production of the gas, so that it may be recognized by its color, the 
operation may be made as follows : Boil a mixture of solid potasEdum dichromate and 
gnlphuric acid, in an evaporating dish until bright red, and then add the substance to be 
tested, in powder — obtained, if necessary, by evaporation of the solution. If chlorides are 
present, the chromium dioxy-diehloride rises instantly as a bright brownish-red gas. The 
distinction from bromine requires, however, that the material, which may be in solution, 
should be distilled, by means of a tubulated flask or small retort, the vapors being con- 
densed in a receiver, and neutralized with an alkali {c and d). The chromate formed 
makes a yellow solution (bromine, a colorless solution). As conclusive evidence of chlo- 
rine, the chromate (acidified with acetic acid), with lead acetate, forms a yellow precipi- 
tate (bromide, a white precipitate, if any): 

c. OrOaOla + 2HaO = HaOrO* -f 2H01 

d, OrOaOla + 2(NH4)OH = (NH4)aOr04 + 2H01 

518. The action of nitric acid with hydrochloric acid results from the 
mixture of the two acids, well known as nitro-hydrochloric acid, or "aqua 
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regia," and used for its free chlorine. Both nitrogen oxy-chloride and nitrogen 
oxy-di chloride are formed; their relative proportion varying with different 
conditions : 



i NOOla + Ol j 
[orNOOl + 20lj 



8H01 + HNOa = ] \ + 2H,0 



The reaction occurs quite promptly in the concentrated acids without heat, 
but more rapidly with heat ; very slowly in moderately dilute acids, and only 
to a slight extent if the acids are very dilute. 

614. By action of permanganate, acidulated with sulphuric acid in warm solution, 
hydrochloric acid introduced as gas is oxidized to hypoehlorous acid. Manganese dioxide 
and sulphuric acid may be used, instead of permanganate, with the same product. In 
dilute neutral solution, no immediate change occurs between permanganate and chlorides. 

615. The three cMoridea insoluble m water (506) are not transposed or dissolved by 
acids, except that mercurous chloride is dissolved, by nitric acid and by chlorine, as mer- 
curic salt. They are dissolved for analysis by decomposition with alkali hydrates (677). 
AgCl or FbCla is dissolved as sodium chloride, after fusion with sodium carbonate on 
charcoal (a), or in a porcelain crucible (b): 

a, 4Ag01 + 2NaaOOa + O = 4Ag + 4Na01 + 300, 

5. FbOla + NasOO. = PbO + 2NaCl + OO, 

516. Heated in a bead of microcosmic salt, previously saturated with copper oxide in 
the inner blow-pipe flame, chlorides impart a bliie color to the outer flame, due to copper 
chloride. 

For Separation of chlorides from bromides and iodides, see 576 and 577; 
for separation from chlorates with nitrates, see 581. 



CniiORIC ACID. 

617. When concentrated, a colorless, syrupy liquid, having a slight odor, resembling 
nitric acid. It first reddens litmus, and then bleaches it. Chloric acid is somewhat in- 
stable at ordinary temperatures; when heated, it rapidly decomposes with formation of 
yellow products, including perchloric acid (HOIO4), chlorine and water. It oxidizes or- 
ganic and other combustible substances with violent rapidity. For a list of its products 
as an oxidizing agent, see 828. 

518. Chloratecr are produced — together with chlorides — ^by action of 
chlorine upon bases, according to equation 5, 501. 

All chlorates are resolved by heat into chlorides and oxygen (HCl + 30). 
In presence of various metallic oxides, etc., the oxygen is separated more 
easily, the metallic oxides remaining unchanged. With manganese dioxide, 
the oxygen of potassium chlorate is obtained at about 200° C. ; ferric oxide, at 
120° C. ; platinum, black, at 270°. Copper oxide and lead dioxide may be 
used. When triturated or heated with combustible substanoes, charcoal, 
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organic substances, sulphur, sulphites, cyanides, thiosulphates, hypophosphites, 
reduced iron, etc., etc. — chlorates violently explode^ owing to their sudden 
decomposition, and the simultaneous oxidation of the combustible material. 
This explosion is more violent than with corresponding mixtures of nitrates (as 
in gunpowder, 602). — Potassium chlorate, fused with PbO, forms PbO, ; with 
alkali and MnO or MnO,, manganate is formed. 

519. All the chlorates are soluble in water ; those of the first group bases 
being somewhat unstable in solution. Like nitric and acetic acids, chloric 
acid is not precipitated* Except the mercui*ous, the least soluble of the me- 
tallic chlorates is that of potassium, which requires 12 to 16 parts of cold water 
for its solution. Potassium chlorate is only slightly soluble in alcohol. 
Chlorates are usually identified by the gaseous products of decomposition (520). 

520. Sulphuric acid causes dissociation of chlorates — if in the solid state, 
with detonation^ and unless in small quantities, with violent explosion ; and 
with formation of greenish-yellow gas, dichlorine tetroxide. Perchlorate is 
likewise formed. The gas has the odor, oxidizing and bleaching power of 
chlorine, and it imparts its color to solutions in which it is formed. The pro- 
ducts vary with conditions, but are chiefly formed as follows : 

SEOIO. + 2HaS04 = 2EHSO4 + EOIO4 -f OI3O4 + HaO 
201a04 = Ol' 'aOa + 01^0. 

621. If a dilute solution of a chlorate is colored light blue with the solution of indigo 
in sulphuric acid, and the solution kept cold, no bleaching pccurs, even with the further 
addition of dilute sulphuric acid. But, on addition of solution of sodium sulphite, the 
color soon disappears, by formation of chlorine or its oxides. 

522. Hydrochloxic acid decomposes chlorates, rapidly when heated, with the forma- 
tion of free chlorine and dichlorine tetroxide — the mixture called etichlorine. The gas 
and solution have the color, odor, and bleaching effect of chlorine, intensified. This is a 
ready and effective means of generating chlorine for analytical purposes. The propor- 
tion of free chlorine to oxidized chlorine is variable; the subjoined equations showing the 
character of the results: 

2K010, + 4H01 = 2K01 + OI3O4 + 201 + 2HaO 

aKOlOa + lOHOl = 3K01 -f 01a04 + 801 + 5HaO 

4KC10s + 16H01 = 4S01 + OI2O4 -f 1401 + 8HaO 
For separation of chlorates from nitrates, see 580; from nitrates with' 
chlorides, see 581. 

623. FEROHLORIO AOID, HOIO4, is a colorless liquid, distilling with partial 
decomposition, forming a crystallizable hydrate, and decomposing by reducing agents 
with explosion. It is obtained by distillation of perchlorates with sulphuric acid. Hy- 
drochloric and nitric acids do not decompose perchlorates in water solution. All the 
metallic perchlorates are soluble in water; potassium perchlorate requiring 58 parts 
(rubidium perchlorate, 92 parts) of water at 21* C. ; the other metals forming salts more 
freely soluble. The potassium salt is insoluble in alcohol. In igmtionj perchlorates act 
very much like chlorates, but more explosively. ^ i 
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HYPOCHIiOBOUS ACID. 

524. Hypochlorous anhydride, OI9O, can be obtained at -20* C. (-4* F ), by the reac- 
tion, HgO -\- 4C1 = CI3O -{- HgOla, as an orange-colored, explosive liquid, gaseoua at 
ordinary temperatures, and decomposing, spontaneously and sometimes violently, into 
chlorine and oxygen. It dissolves in water, forming hypochlorous acid, HCIO. 

Hypochlorous acid, in aqueous solution, is a yellow liquid; when strong, decomposing 
rapidly at 0° C. (33° F.) ; when dilute, decomposing gradually by boiling (a) ; decomposed 
by hydrochloric acid (b), and by metals (c)— its decompositions furnishing chlorine or 
oxygen, or both chlorine and oxygen. 

a. 2H010 = HaO + 201 + O 

b. HOlO + HOI = HaO + 201 

c. 2H010 + 2Zn = ZnO + ZnOls + H3O 

2HC10 + 2Ag . = 2Ag01 + HaO + O 

625. The H3npochlorite8 are formed by treating bases with chlorine (short of satura- 
tion), as shown in b, 501. The calcium hypochlorite and chloride, mixed or combined 
together as formed by action of chlorine upon calcium hydrate, is in very extensive use- 
as chlormated lime, or "chloride of lime " [OaOla + Oa(010)a, or 20a(001)01]. The 
sodium hypochlorite-and-chloride — mixed as formed by chlorine in solution of sodium 
hydrate or sodium carbonate, or by double decomposition between solution of the calcium 
hypochlorite-and-chloride and solution of sodium carbonate — is pharmacopoeial, under the 
name of solution of chlorinated soda (NaOLNaOlO). The chemical structure of these 
important chlorinated compounds has been difficult to ascertain. 

526. Hypochlorites are very instable, whether solid or in solution, decom- 
posing by the weakest acids, by the carbonic acid of the air (a), and by heat 
(5), also to some extent at ordinary temperatures. In this manner, they act as 
powerful oxidizing agents. The deportment of hypochlorites is represented 
by the action of chlorine in alkali solutions (501 b) ; a convenient agent of 
especial force, as for the decomposition of ammonia (63 b). 

a. A. Oa(010)a + OOa = CaOO. + 201 + O 
B. 0a01a.0a(010)a + 200a = 20a00a + 401 

c. 0a(010)a.0a01a + 2HaS04 = 20aS04 + 2HaO + 401 

D. 2Na010 + 2H01 = 2Na01 + HaO + 201 +0 

b. In boiling solutions: 30a(010)a = Oa(010s)a 4- 20a01a 

At a higher temperature: Oa(0108)a = OaOla + 60 

627. All hypochlorites are soluble in water ; those of the first group metals 
being especially instable. Their solutions bleach litmus and indigo. 

528. Silver nitrate, added to the solutions of hypochlorites with chlor- 
ides, precipitates the chloride, AgCl, at first leaving hypochlorites in solution; 
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while the soluble silver hypochlorite quite rapidly decomposes with the pre- 
cipitation of chloride and formation of chlorate of silver (a), the latter slowly 
changing to chloride (518) : 

a, SAgOlO = 2Ag01 -\- AgClOa (corresponding to d, 526) 



529. BBOMINE^ at ordinary temperatures, is a brown-red, intensely 
caustic liquid, freely evolving brown-red, corrosive vapors of a suffocating, 
chlorine-like odor, and boiling at 47® C. (117° F.) It is soluble in 33 parts of 
water, with an orange-yellow color ; and freely soluble in alcohol, ether, chlo- 
roform, and in carbon disulphide — with the same or a deeper color. Carbon 
disulphide, and chloroform, after agitation with its dilute water solutions, re- 
move the bromine as a subsiding liquid in a yellow to red-brown layer; ether, 
less perfectly, in a supernatant layer of the same color. It dissolves colorless 
in alkali hydrates, with combination, forming bromides and bromates. The 
change corresponds exactly to that of chlorine, as shown in equation J, 501. 
It dissolves, without combination or loss of color, in solutions of hydrobromic 
acid, and of bromides. 

530. In vapor or solution, bromine bleaches litmus and indigo; colors 
starch-paste yellow ; precipitates silver salts, yellow- white, bromide and 
bromate (as by equation c, 501) ; and lead salts, white. Bromine decomposes 
hydrosulphuric acid with separation of sulphur, and subsequent production of 
sulphuric acid ; changes ferrous to ferric salts, and (in presence of water) acts 
as a strong oxidizing agent. It displaces iodine from iodides, and is displaced 
from bromides by chlorine; its character being intermediate between that of 
chlorine and that of iodine (820 i). For Oxidations by bromine, see 824. 

531. The Acids of Bromine are : 

Hydrobromic acid, HBr'. 
Bromic acid, HBr^O,. 
' Hypobromous acid, HBr'O. 

HYDROBROMIC ACID. 

532. Absolute hydrobromic acid is gaseous at ordinary temperatures, but dissolves 
freely in water. The strong solution gives off gas in the air more rapidly than aqueous 
hydrochloric acid, and boils below 100* C. ; the dilute solution boils above 100 C, and if 
very dilute is concentrated by boiling. In gaseous state or in solution, hydrobromic acid 
is colorless ; but it is slowly decomposed by atmospheric air [3HBr + ^ = HaO + ^Br] 
with the presentation of the color of free bromine ; the solution deepening in yellow-brown 
tint, as bromine is displaced by oxygen, and dissolved by the hydrobromic acid. 

Neither hydrobromic acid nor a metallic bromide will give the yellow color to starch 
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633. Hydrobromic acid is produced from the metallic bromides^ by transposition with 
dilute sulphoxlo acid: 



+ H«S04 = K,S04 + 

But the bromides of mercury, silver, lead, and tin, are transposed by sulphuric acid 
with difficulty, or not at all (compare chlorides, 505). 

634. The Bromides (including hydrogen bromide) are decomposed by ozidiziiig 
agents, with liberation of bromine. Thus : by chlorine (820 b) (not by iodine) ; by bromic 
acid (a); by nitric aoid(814^); by strong and hot sulphuric acid (819 6); and, in hot 
solution, acidulated, by manganese dioxide ((). Further, see 835. 

a. 5KBr + KBrO. + SHaSO* = SKaSO* + 8HaO + 6Br 

b. 2EBr + 2H,80« + MnOa = K9SO4 + MnS04+ 2H9O + 2Br 

535. The solubilities of the bromides lie intermediate between those of 
the chlorides and those of the iodides, not differing much from the former. In 
general terms, all bromides are soluble in water, except those of the first 
group bases. Further, mercuric bromide is only sparingly soluble in water. 
Lead bromide is less soluble than lead chloride. Bismuth bromide is decom- 
posed by water, to a greater extent than bismuth chloride (295), and anti- 
monious bromide is decomposed by water. Cuprous bromide is formed as a 
precipitate by reduction from the soluble cupric bromide. 

The double bromides of lead and potassium or sodium, and of silver and 
potassium or sodium, are soluble in a little water containing alkali bromides 
as concentrated solutions, but are decomposed by much water ; the potassio 
and the sodio mercurous and mercuric bromides are soluble in water. 

In alcohol, the alkali bromides are sparingly or slightly soluble ; calcium 
bromide, soluble ; mercuric bromide, soluble ; mercurous bromide, insoluble. 

Silver bromide is sparingly soluble in ammonium hydrate ; nearly insolu- 
ble in ammonium carbonate solution. 

In analysis, bromides are usually identified by the color of a carbon-disul- 
phide solution of free bromine, iodine, if present, being first removed (539, 
576). 

536. Silver nitrate solution precipitates, from solutions of bromides, ^7- 
ver bromide, AgBr, yellowish- white in the light, slowly becoming gray to 
black. The precipitate is insoluble in dilute nitric acid, sparingly soluble in 
concentrated aqueous ammonia, nearly insoluble in concentrated solution of 
ammonium carbonate, slightly soluble in excess of alkali bromides, soluble in 
solutions of alkali cyanides and thiosulphates. It is decomposed by chlorine. 

537. Solution of mercurous nitrate precipitates mercurous bromide, 
HggBrj, yellowish-white, soluble in excess of alkali bromides. 

538. Solutions of lead salts precipitate, from solutions not very dilute, 
lead bromide, PbBr,, white (314 and 535). 

539. Sulphuric acid decomposes bromides: when dilute, mostly with 
production of hydrobromic acid (533); when concentrated, cljiefly with forma- 
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tion of bromine. The vapor from the hot mixture reddens or bleaches litmus ; 
has the yellowish-brown color and suffocating odor of bromine, and when 
cooled colors starch-paste yellow. 

Chlorine Water separates the bromine much more quickly and com- 
pletely, giving better results in dilute solutions, but in excess it decolors the 
bromized starch. 

The more delicate test is made by adding oarbon disnlphide,* then dilute 
chlorine water, drop by drop, in the cold solution, then agitating, and allowing 
the heavier liquid to subside (529), The presence of bromine is indicated by 
a yellow color, or if there is much bromine a yellowish-brown to brownish-red 
color. Iodine colors violet. If fres iodine is present^ bromine cannot be 
identified, by its vapor, its color with starch, or its color in solution with car- 
bon disulphide. All the iodine of iodides will be liberated before any of the 
bromine can be : therefore, before these tests can be made for bromine, the 
iodine must either be oxidized to iodic acid, or wholly expelled, as directed in 
576. 

Dilute hydrochloric acid will not color dilute solutions of bromides, or 
yield much color to disulphide of carbon ; in absence of oxidizing agents. 

540. For Separation of bromides from iodides and chlorides, see 576 ; 
from bromates, 546 and thereafter. 

541. Bromides of potassium, sodium, and of most other metals, are not decomposed 
by ignition. Silver bromide melts undecomposed; but is slowly reduced, and blackened, 
in the air and by light. 

Tested in the cupric bead, according to 516, bromides give a greenish-blue color to the 
outer flame — ^not very marked. 



BBOMIC ACID. 

642. In concentrated aqueous solution, a colorless, acrid, and instable liquid. At 
100* C, it is decomposed into hydrobromic acid and oxygen. 

It is rapidly decomposed by all reducing agents, as given in detail in 826. 

543. Bromates are produced together with bromides by the action of bromine upon 
bases; the reaction being expressed by equation &, 501, substituting Br for Ol 

544. By ignition, bromates are reduced to bromides (in case of K, Na, Ag, Hg), like 
chlorates in the same condition. Other bromates change to oxides, as follows: 

Zn(Br03)a = ZnO + 50 + SBr 

545. By reducing agents, bromates are mostly decomposed in the same manner as 
bromic acid (542). Mixed with sulphur, carbon, and other combustible substances, they 
ftirnish oxygen and cause explosion, like the chlorates (518). 



• Carb(m disulphide is a better color-solvent, for bromine or iodine, than chloroform, and far better 
than ether. It must be free from snlphurous or sulphuric acids. Saturated chlorine water is liable to act 
on carbon disulphide, giving it a yellow color, simulating bromine. On adding alcohol to this yellow liquid 
sulphur nrecipitates. Hence the direction to use dilute chlorine water, and avoid excess. ^<^ I 

.gitizedbyCjOOgle 



166 Iodine. 

646. All the bromates are soluble in water; those of the first group bases, but spar- 
ingly soluble. Silver nitrate precipitates, in solutions not very dilute, silver bromate, 
AgBrOs, white, very sparingly soluble in water, soluble in ammonium hydrate, not easily 
soluble by nitric acid ; its color and solubility in ammonium hydrate differing a little 
from the bromide (536). It is decomposed by hydrochloric acid with evolution of bromine 
— a distinction from bromides and from other argentic precipitates. 

647. Sulphuric, hydrochloric, and nitric acids, liberate bromic acid from metallic 
bromates. With very dilnte sulphuric aoid, in cold dilute solution of pure bromate, 
very little bromine is set free — ^the HBrOs mostly remaining for some time intact, and 
the solution colorless ; so that carbon disulphide will not extract much color. The gra- 
dual decomposition of the HBrOs is first a resolution into HBr and O ; and as fast as 
HBr is formed, it acts with HBrOs, so as to liberate the bromine of both acids. Now, 
if the solution contained bromide as well as bromate, an abundance of free bromine is ob- 
tained immediately upon the addition of dilute sulphuric acid in the cold (equation a, 534). 

648. Hence, if dilute sulphuric acid in the dilute cold solution does not color the car- 
bon disulphide, and if the addition of solution of pure potassium bromide immediately 
develops the yellow color, while it is found that no other oxidizing agent is present, we 
have corroborative evidence of the presence of a bromate. And, if we treat a solution 
known to contain bromide with dilute sulphuric acid and carbon disulphide, and obtain 
no color, we have conclusive evidence of the absence of bromates. 

649. A mixture of bromate and iodate, treated with hydrochloric acid, furnishes 
bromine without iodine, coloring carbon disulphide yellow. 

650. The ignited residue of bromates (544), in all cases if t^e ignition be done with 
sodium carbonate, will give the tests for bromides. 



551. IODINE is solid ; in soft scales or hexagonal prisms, with a dark 
iron-gray color and graphitoidal lustre. It is precipitated as a brownish-black 
powder. It vaporizes very slightly at ordinary temperatures — with a charac- 
teristic odor, resembling chlorine, but more offensive. It melts at 107*^ C. 
(224° F.), and boils at 180*^ C. (356° F.) ; the vapor having an intense, bright 
violet color. 

552. It is slightly soluble in water, dissolving in 7,000 parts; freely soluble 
in alcohol, ether, chloroform, carbon disulphide, petroleum naphtha, glycerine, 
and in solutions of iodides (including HI). All solutions of uncombined iodine 
have red-brown, brownish-yellow, or violet tints. The carbon disulphide 
solution is violet (marked distinction from bromine), the other solutions 
brownish-ypllow (but little darker than those of bromine). Solutions by 
chemical combination are referred to in 654. 

553. Starch-paste is colored blue by a little iodine, violet by a further 
addition of iodine; and by still greater excess a blue green (or, in presence of 
bromine, a brown) color is produced. This test is exceedingly delicate for 
iodine.* 

* The union qf iodine and starch is Y>r6b&bly an example of molecular adhesion rather than of union 
within molecules. When dry starch is saturated with ether solution of iodine, and exposed for some time 
to the heat the water-bath, about 4 per cent, of iodine is retained. This corresponds nearly with the 
formula (06Hio06)3oI. Prepared under other conditions, it holds 7 to 8 per cent, of iodine (CflH,o06)ioI 
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The iodized starch is discolored by heating in solution, to 70** or 80** C. 
(158° to 176° F.),but regains its color on cooling. Its color is destroyed by 
strong chlorine, and by alkalies. 

No compound of iodine colors starch. 

554. Though expelled from combination with bases by chlorine, bromine, nascent 
oxygen, and other strong electro-negatives (557), iodine acts in many relations as cm oxid- 
izing agenty readily entering into combination, as iodides, when acted on by reducing 
agents. On the otlier hand, in relation to a limited number of active electro-negatives,* it 
may act as a reducing agent, becoming the subject of oxidation, in the formation of 
iodates (557). Iodine chlorides also are formed, lOU, Ids, and lOl, of yellow to brown 
colors. 

Iodine slowly bleaches litmus and other vegetable colors, and stains the skin yellow- 
brown. 

CdorlesB solutions are formed by all the alkali hydrates with iodine ; the fixed alkali 
hydrate forming iodides and iodates (a). With ammonia in water solution, it dissolves 
more slowly, becoming colorless; the solution contains the most of ^ the iodine as ammo- 
nium iodide, and liable to deposit a dark-brown powder, termed *' iodide of 7iitrogen," 
very easily and violently explosive when dry. This substance is a variable substitution 
of one, two, or three atoms of I for H in NHs (63 c). Among reducing agents, solutions 
of thiosulphates quickly dissolve and decolor iodine, forming iodides and a more highly 
oxidized acid of sulphur, tetrathionic acid (J). Solutions of sulphites and of sulphurous 
acid convert iodine into colorless hydriodic acid (c). — Arsenions acid is oxidized to arsenic 
acid by action of iodine, which becomes colorless as hydriodic acid (d). Hydrosulphuric 
acid dissolves iodine as hydriodic acid, the solution of which is so prepared (e). The al- 
kali hydrates, and reditcing agents, decolor iodized starch, by taking its free iodine into 
combination. Further, see 827. 

a. 61 + 6EOH = 5KI . + KIO3 + 3HaO (corresponding with 501 b), 

b. I + NaaSaOa = Nal + NaSaOs (compare c), 

c. 21 + HaO + NaaSOs = 2HI + NaaS04 

d. 21 + HaO + HsAsOs = 2HI + H,As04 
c. 21 + HaS = 2HI + S 

The chief Acids of Iodine are : 

Hydriodic acid, HI'. 

Iodic acid, Hr03(or HJ,Oj. 

Periodic acid, HF"0^. 

HYDRIODIC ACID. 

656. Absolute hydriodic acid is gaseous at ordinary temperatures, but 
freely soluble in water ; being easily obtained in solution cwitaining 50 to 60 
per cent, of acid, and having a boiling point above that of water, but giving off 
some vapor at common temperatures. Both the gas and the solution are color- 
less, and redden litmus. Hydriodic acid decomposes gradually in tjie air with 
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separation of iodine — more rapidly at higher temperatures ; so that the evolved 
gas is always strongly colored with iodine, and the exposed solution commences 
at once to turn brownish -yellow with the free iodine dissolved by the acid. 
The liberated gas has a slight chlorine-like odor, and a stronger offensive odor 
(due to both the iodine and hydriodic acid). Upon brief exposure, both the 
gas and the solution give abundantly the reactions of free iodine (with starch, 
carbon disulphide, etc.) 

' 556. Like hydrochloric and hydrobromic acids, hydriodic acid is produced 
hy transposition from the metallic iodides^ by the action of dilute sulphuric 
acid (s6e 533). Also, by large excess of hydrochloric and hydrobromic 
acids. The iodides of silver, lead, mercury, and tin, are transposed with 
difficulty by sulphuric acid, more readily by hydrochloric acid. 

557. The iodides (including hydrogen iodide) are decomposed by oxidiz- 
ing agents more readily than the bromides. At first, by oxidation of the 
base, iodine is set free ; after which some of the more active electro-negatives 
oxidize iodine to iodaies. 

Ozone promptly decomposes all iodides, not excepting those of the alkali metals; 
while atmospheric oxygen decomposes hydriodic acid and iron and calcium iodides but 
slowly, and alkali iodides not at all. Iodine is liberated from iodides at once by chlorine, 
bromine (a), iodic acid (&), and bromic acid. Iodine is first sej; free and then oxidized to 
iodic acid, by acidulated chlorate, by hypochlorites (with occurrence of iodine chlo- 
rides and final formation of periodates), and by concentrated nitric acid with heat (c); 
dilute nitric acid slowly separating iodine {d), and scarcely decomposing lead, silver, and 
mercury iodides. Acidulated potassium nitrite acts more promptly than nitric acid. 
Manganese dioxide with sulphuric acid is employed in the manufacture of iodine («). 
Permanganate soliftiqn, added in excess, produces iodates, iodine being first separated and 
at last all oxidized; in neutral or alkaline dilute solutions (1 part salt to 240 parts water), 
a distinction from bromides, which do not decolor the permanganate. Chromates, acid- 
ulated, cause immediate separation of iodine. Concentrated sulphuric acid (/)and 
ferric chloride (g) are reduced by iodides. Further, see 828. 

a. HI + Br = HBr + I 

b. 5KI + mo, + 8H2SO4 = 3KaSO« + SHaO + 61 

c. KI + 2HNO, = KIO, + 2NO + H9O 

d. SKI + 4HNO, = 3KNO, + NO + 2HaO + 31 

c. 2m + 2H3SO4 + MnOa = KaS04 + MnS04 + 2H9O + 21 

/. 2HI + H9SO4 = 2HaO + SO, +21 

g, 2KI + Pea01« = 2Fe01a + 2K01 + 21 

568i The metallic iodides are all solnble in water ; except those of Ag, 
Pb, and Hg, except palladious iodide, cuprous iodide, bismuth iodide decom- 
posed by water, and stannous iodide sparingly soluble in water. Lead iodide 
is sparingly soluble, and mercuric iodide very sparingly soluble in water. 
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The double iodides of lead, silver, and mercury with alkali metals — as 
KI.AgI, and {Kl)^lS.gl^ — are soluble in water; i.e., the iodides of first group 
metals are soluble in solutions of alkali iodides, by combination ; mercurous 
iodide in part only, as explained in 352. 

Alcohol dissolves many of the iodides soluble in water — including the 
alkali iodides, and those of barium and calcium — and dissolves mercuric, but 
not mercurous or argentic, iodide. 

Silver iodide is but very sparingly soluble in concentrated solution of 
ammonium hydrate, and insoluble in hot solution of ammonium acid car- 
bonate (distinctions from the chloride), it dissolves in solution of potassium 
cyanide. 

The iodides of silver and of lead are soluble by decomposition in solution 
of alkali thiosulphates {a)\ lead iodide in fixed alkalies (309). The iodides of 
silver and mercury are not decomposed, the iodide of lead slowly decomposed, 
by dilute nitric acid. 

a. Agl + NaaSaOa ;= Nal + NaAgS,0, 

In analysis, iodides are most easily identified by the color of the carbon 
disulphide solution of liberated iodine (565). The silver precipitate of iodide 
is separable from chloride by solution of the latter in ammonium hydrate 
(577). 

559. Silver nitrate solution in excess precipitates, from solutions of 
iodides, silver iodide^ Agl, yellow-white, blackening in the light (without 
notable separation of iodine). For the solubilities of the precipitate, see 558, 
and compare 333. For its separation from chloride and brcjmide, see further, 
577. 

660. Solution of mercuric chloride precipitates the bright, yellowish-red to 
red, mercuric iodide, Hgl,. The precipitate redissolves on stirring, after 
slight additions of the mercuric salt, until equivalent proportions are reached, 
when its color deepens. For . the solubilities of the precipitate, see 360. — 
Solution of mercurous nitrate precipitates mercurous iodide, Hg^I,, yellow to 
green (see 352). 

561. Solution of plumbic nitrate or acetate precipitates, from solutions 
of iodides not very dilute, lead iodide, Pbl,, bright-yellow — soluble, as stated 
in full in 315. 

562. Palladious chloride, PdCl,, precipitates, from solutions of iodides, 
palladious iodide, Pdl^, black, insoluble in water, alcohol, or dilute acids, and 
visible in 500,000 parts of solution. The reagent does not precipitate hromine 
at all in moderately dilute solutions, slightly acidulated with HCl. Palladious 
iodide is slightly soluble in excess of the alkali iodides, and is soluble in am- 
monium hydrate (486). 

563. Copper sulphate, with sulphurous acid or other reducing agent, 
precipitates from solutions of iodides, the cuprous iodide, CuX, ^vhich is 
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whitBy if there is sufficient reducing agent to prevent the precipitation of 
iodine, brown. The precipitate is not altogether insoluble in water; therefore 
the filtrate responds to the delicate tests for iodine (equation in 279 I). 
Bromine is not precipitated with copper. 

564. Conoentrated sulphurio acid decomposes iodides, solid or in con- 
centrated solution, with the reaction stated at 557/. The evolved gas has the 
violet color of iodine, and the offensive odor of mingled iodine and hydriodic 
and sulphurous acids. When cooled and somewhat diluted, the liquid gives 
the iodine color with starch (553) ; or, on agitating gently with carbon disul- 
phide, and permitting the latter to subside, the beautiful violet tint of iodine 
in this solvent. 

565. Chlorine water separates iodine more satisfactorily, in this test with 
carbon disulphide, especially from dilute solutions. The chlorine-water should 
be dilute and added (after the starch-paste or carbon disulphide) drop by drop; 
as an excess will destroy all characteristics of free iodine by formation of 
iodine chlorides and iodic acid (576). 

Nitrous acid — as from zinc and nitric acid or from acidulation o f nitrites 
— is a good agent to displace iodine. It should be very sparingly used (607). 
Bromine water is also employed for the same purpose. 

Bromides do not interfere with the easy recognition of free iodine ; unless 
an excess of chlorine is added, no bromine will be liberated ; and if liberated, 
it does not modify the color of iodine, in starch or in carbon disulphide, unless 
the bromine is in much greater quantity, and even then the color represents iodine. 

566. Solution of ferric chloride, added in the proportion of 6 or 8 drops to 
3 or 4 cub. cent, (a fluid drachm or a little less) of the solution tested, together 
with carbon disulphide, slowly develops the violet tint in the subsiding liquid, 
if iodine is present (557 g) — a distinction from bromine. 

567. For Separation of iodides from chlorides and bromides, 576 ; from 
iodates, 573. 

568. The iodides of the alkali metals and of the first group metals fuse without de- 
composition ; those of mercury sublime undecomposed ; but other non-alkali iodides are 
mostly decomposed by ignition. 

Treated in the cupric bead of microcosmic salt, as directed for chlorine in 516, iodides 
give an emerald green glass. 



IODIC ACID. 

569. Absolute iodic acid, HIOs (or HaIaO«), is a white, crystallizable, odorless solid, 
permanent in the air; at 170'* C. (338° F.) resolved into water and iodic anhydride (HiO 
and laOe). Iodic anhydride is a crystallizable solid, at high temperatures resolved into 
iodine and oxygen. Bromic anhydride is not known. Iodic acid is freely soluble in 
water and in alcohol ; the solutions reddening litmus, and afterwards bleaching it. 

570. Iodic acid is formed by prolonged action of nitric acid and other oxidizing 
agents upon iodine. Its salts, the iodates, are formed together with iodides in dissolving 
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iodine in aqueous alkalies (554 a), as well as by oxidation of iodides (557). Iodic acid is 
easily obtained by transposing metallic iodates with sulphuric acid (a) ; its radical not 
easily breaking up when separated from metals, as chloric and bromic acids do. 

a, 2EIOs + HaS04 = E9SO4 + ^HlOa. 

* 

571. The Iodates — including hydrogen iodate — are decomposed by reducing agents, 

with the formation of iodides (of metals or of hydrogen) and with other results. 

Sulphurous acid is oxidized from iodic acid, first with separation of iodine (a) ; then, 
by excess of the sulphurous acid, with formation of hydriodic acid (6). Hence, sulphur^ 
oils acid, added short of saturation^ with starch, forms a delicate test for iodates, and a 
distinction from iodides; but excess of the reagent destroys the color. Thiosulphates 
produce iodine, or hydriodic acid. Hydrosulphuric acid also reduces iodates, precipi- , 
tating at first iodine and sulphur (c). "With excess of the reducing agent, the final pro- 
ducts are hydriodic acid and sulphur (d) ; with excesa of the iodate, iodine and sulphate 
(e). Hydriodic acid instantly separates, from iodic acid, all the iodine of both acids (/); 
hence, an intermixture of a metallic iodate with an iodide is revealed at once by adding a 
dilute or weak acid that will not itself liberate iodine, but will produce both the acids of 
iodine, so that they can decompose each other. In solution of potassium iodide, for ex- 
ample, a slight addition of tartaric acid shows the presence of iodate by the immediate^ 
not progressive, appearance of the iodine color, the test being more delicate by use of 
carbon disulphide. In solutions not of iodides, an iodide may be added, with tartaric or 
acetic acid, in search for iodates. But it must be remembered that pure iodides, so 
treated, form hydriodic acid, which, by atmospheric oxidation, progressively liberates 
iodine, and will soon give a deep color to starch or carbon disulphide. Hydrochloric 
acid forms with iodates mostly iodine chlorides {g), iodine not being liberated (distinction 
from bromates, 649). Morphia reduces iodic acid, with separation of iodine as a final 
product. Further, see 829. 

a. 2EIOa + 5H9SO3 = 21 + 2EHSO4 + SHaSO^ + H3O 

Or;2HIOs + 5H3SO, = 21 -f 5HaS04 -f H9O 

h. The iodine is taken up by excess of HaSOs, as in 554 c. 

c. 2HIOs + 5H»S = 21 -f 6H3O + 5S 

d. . HIO3 + 8HaS = HI + 8H2O + 3S 

c. SKIOa + 5HaS = 81 + 3EtiS04 + 2KHSO4 + 4H2O 

/. HIO, + 6HI = 61 + 8H3O (For acidulated salts, see 534 J). 

g, KIO3 4. 6H01 =(I01,+ 201) + KOI + 3H3O 

Iodates in dry mixture with combustible bodies are reduced, on heating or concussion, 
with detonation, but much less violently than chlorates or nitrates. Heated alone, iodates 
are either reduced to iodides with liberation of oxygen (iodates of potassium, sodium) ; or 
to oxides with liberation of iodine and oxygen (iodate of barium). Compare Bromates, 
544. 

572. The iodates are either insoluble or sparingly soluble in water, except those 
of the alkali bases, a marked difference from bromates and chlorates. Barium, silver, 
and lead iodates are insoluble in water. The alkali metals form acid iodates. In alcohol 
most of the iodates are insoluble; barium iodate,, insoluble; calcium and potassium 
iodates, scarcely at all soluble (distinctions from iodides). 
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Silver iodaie is readily soluble in ammonium hydrate (distinction from iodide); it is 
slightly soluble in dilute nitric acid (more so than the iodide). 

lodates are identified by separation of free iodine, known by its color in carbon disul- 
phide solution or in mixture with starch (571) ; and by precipitation of barium salt (572). 

573. Solution of silver nitrate precipitates, from even very dilute solutions of iodates 
and from solutions of iodic acid if not very dilute, silver iodate, AglOg, white, crystalline, 
soluble in ammonium hydrate. In the ammonia solution^ hydroBulphaxio acid preci- 
pitates silver iodide. 

Barium chloride precipitates barium iodate, BaflOs)^, nearly insoluble in cold and 
little soluble in hot water, insoluble in alcohol, scarcely soluble in dilute nitric acid, 
readily soluble in dilute hydrochloric acid. Hence, dilute solutions of free iodic acid 
should either be neutralized or tested with barium nitrate. This precipitate, by addition 
of alcohol, is a complete separation from iodides, and, when well washed, decomposed 
with a very little sulphurous acid (571 a), and found to color carbon disulphide violet, its 
evidence for iodic acid is conclusive. Barium iodate is transposed with ammonium car- 
bonate, on digestion in solution and with ammonium hydrate (separation from periodate). 

Salts of lead give a white precipitate of lead iodate, Pb(I08)2. Ferric chloride gives, 
in solutions not dilute, a yellowish-white precipitate of ferric iodate, Pea(IO,)«, sparingly 
soluble in water, and freely soluble in excess of ths reagent. Boiling decomposes it. 

Alcohol precipitates j9o^a«9it«m iodate from water solution, an approximate separation 
from iodide. 
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576. THE SEPABATION of the acids of chlorine, bromine, and 
iodine is effected by oxidations, reductions, color solutions, precipitations, 
separative solutions, and vaporizations, in many cases of separation, the 
acids to be separated will act upon each other. 

576. The Eecognition of chlorides, bromides, and iodides — ^by evolving 
their chlorine, bromine, and iodine, in presence of each other — can be accom- 
plished as follows — for the iodine the test being very easy; for chlorine, 
indirect, but unmistakable ; for bromine, dependent upon much care and dis- 
cretion.* 

The Iodine is liberated with dilute chlorine- water, added drop by drop, 
and is readily detected by starch, or carbon disulphide, according to 565, 
(As to interference of sulphocyanates, see 643.) The Chlorine is vaporized 
(from another portion) as chlorochromic anhydride, and the latter identified 
by its color and its various products, as described in 512. Before the Bromine 
is identified the iodine is to be either removed a^ free iodine, or oxidized to 
iodate (539). The oxidation to iodic acid is effected as follows; Treat with 
good chlorine water till free iodine no longer shows its color ; add a drop or 
two tnore of the chlorine water, and dilute with water, keeping cool ; then add 
the carbon disulphide, agitate, and leave the solvent to settle, for the yellow 
color of bromine. The removal of free iodine may be done as follows : Add 
chlorine w^ater, drop by drop, as long as the iodine tint seems to deepen by 
the addition ; add the carbon disulphide, agitate, leave to subside, and remove 
the lower layer, either by taking it out with a pipette, or by filtration through 
a wet filter. Repeat, if need be, till iodine color is no longer obtained ; then 
continue, with dilute chlorine water, in test for bromine. 

U iodide in large proportion is to be removed, it is well, first, to precipitate 
it out, as far as possible, by copper sulphate and a reducing agent, as directed 
in 578. The filtrate is then to be treated by either method above given. 

577. The Separation by ammonium hydrate, as a solvent of the silver 
precipitates — AgCl, AgBr, Agl — w^hen conducted with dilute ammonium 
hydrate, may be made nearly complete between the chloride and the iodide, 
but it is very imperfect between the bromide and either of the others. The 
hot and strong solution of ammonium acid carbonate separates the chloride 
from the bromide (compare 509, 536, 558). 

578. The direct removal of iodides hy prectpitationf leamng bromides and chlorides 
in solution^ can be effected (approximately) by copper sulphate with Biilphurous acid 
(563), or quite completely, by paUadious chloride (562). With the copper sulphate, the 



* In consequence of the relative commerrial values of bromine and iodine, and the medicinal relations 
of bromides and iodides, it is of great importance to search commercial iodides for intentional and consi- 
derable mixtures of bromides— an impurity likely to escape cursory chemical examination. There are, 
however, very slifjht and usually unobjectionable proportions of bromides generally to be found in the 
iodides of commerce, and occurring from the difficulty of exact separation in the manufacture of iodine 
ftomkelp. ^ f 
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reduction ought to be thorough ; and this result is better secured by sulphurous acid than 
by ferrous sulphate, and without loading the solution with another metallic salt. The 
action of palladium chloride is subject to no objection, except the scarcity and expensive- 
ness of the reagent. 

679. Chloric acid is separated from hydrochloric and all other acids of chloriney bro- 
mine, and iodine (except from hypochlorous acid, and from traces of bromic acid), by 
remaining in solution during the precipitation by silver nitrate (619). 

580. Chloric acid is separated from nitric acid — after finding that silver nitrate gives 
no precipitate in another portion of the solution, acidulated — by evaporating and igniting 
the residue, then dissolving, and testing one portion of the solution by silver nitrate for 
the chloride formed from chlorate during ignition (518). The other portion of the solu- 
tion is tested for nitric or nitrous acid. 

581. If we have to separate chloric acid both from nitric and hydrochloric acidSy a 
solution of silver sulphate must be used instead of the nitrate, to precipitate out all the 
hydrochloric acid. The filtrate from this is evaporated, ignited, dissolved and tested, as 
in 580, for chloride, indicating chlorate in the original solution, and another portion is 
tested for nitric acid. Also, chlorates are distinguished (not separated) from nitrates, by 
oxidation of ferrous sulphate in solution with acetic acid on heating, and the couse- ' 
quent formation of the red solution of ferric acetate (190, 753). The solution tested must 
contain no free acids, and no nitrites or other oxidizing agents beside the two in question, 
but may contain chlorides ; and, of course, the ferrous sulphate must be pure enough not 
to color when heated alone with the acetic acid. Mix the ferrous sulphate solution with 
the acetic acid, boil, then add the solution to be tested, and heat nearly to boiling, for 
some minutes. If no red color appears, chlorates are absent, and nitrates may be present. 

582. Hypochlorites are separated with chlorates from chlorides (bromides), etc., by 
silver nitrate j and distinguished from chloraies (in the filtrate from AgCl, etc.), by 
bleaching litmus, and by their much more rapid decomposition and consequent precipita- 
tion of any silver in solution (528). They are also more active than chlorates, as oxidiz- 
ing agents (526). 

583. The identification of iodic acid is simple and certain, by use of reducing 
agents (571), or precipitants (573). The identification of bromic acid, in presence of other 
acids, is indicated in 546 to 550. 

684. NITROGBN is a colorless, odorless, insoluble gas ; not combining with oxygen 
or other elements, in their ordinary state, at any temperature. It exists combined with 
hydrogen in the basic anhydride. Ammonia, NH,; with oxygen in the radicals of 
Nitric acid, HNOs, and Nitrous acid, HNOa; and with carbon in cyanogen, NO or 
Cy, the radical of hydrocyanic and other Cyanogen acids. It also forms, with carbon, 
hydrogen, and oxygen, very numerous compounds in the organic kingdom. Most of its 
compounds, except ammonia, are easy of decomposition; none of them are readily formed 
by direct union of nitrogen, unless in its nascent state. 

The Nitrogen Series of Elements comprises five perrissads, all acting as triads in their 
more stable or typical unions, and differing from each other in regular gradation. Some 
of these progressive variations may be stated as follows : 
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K 


P 


As 


Sb 


Bi 




Van-metal, 


Kon-metaL 


Non-metal. 


Metal. 


KCetaL 


iLtomio wftightw. 


14 


81 


74.9 


122 


210 


Vaporization. 


(Gaaeoas.) 


At288'C. 


At856«C. 


At white heat. 


At fall furnace 
heat. 


Typio^ , t. 


Strong base. 
Slowly decom- 
posed by dec- 


Weak base. 
Readily decom- 
posed by elec- 
tricity. 


As H, 

Indiflferent. De- 
composed at 
red heat. 


Sb^Ha 

Indifferent. De- 
composed be- 
low red heat. 


Tsrpical ongren 


Hiro, 


HPVO, 
H,P^04 


HsA8''0« 
As'"»0, 


SV'aOs 


Bi'",0, 




Active acid. 


Weak acid. 


Weak acid. 


Indifferent acid. 


Not acidulous. 




Solnble salts. 


Precipitates. 


Precipitates. 


Precipitates. 


Precipitates. 



685. When any dry carbon compound containing nitrogen (organic) is heated with 
excess of dry sodium hydrate and lime (or any dry, fixed alkali), ammonia is evolved, and 
may be recognized by its odor, effect on moist litmus-paper, etc. (63, 598). 
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686. Nitric anhydride, NnOs, is a colorless solid, giving off vapor quite freely above 
10® C, melting at 30° C, and boiling at 45% with some decomposition. It is difficult of 
formation, and does not occur in the changes of ordinary chemical analysis. On contact 
with water, it forms nitric acid. 

587. Absolute nitric acid — HN^Os — is a colorless, transparent, mobile liquid, of the 
specific gravity of 1.58 at 15° C. [Millon], boiUng at 86° C. (187° F.) with partial decom- 
position, leaving nitric acid mixed with water. Aqueous nitric acid having 70 per cent 
of HNOs,, and corresponding to (HNOa)9(HaO)8, specific gravity 1.42, appears to be a 
definite hydrate ; as both stronger and weaker acids are, by boiling, reduced to this com- 
position, which boils at 123° C. (253° F.) The reagent designated in this work as nitric 
acid has a specific gravity of 1.2, and about 85 per cent, of HNOs — (Fresenius* standard). 

688. By heating, by action of the light, and by organic particles from the air, strong 
nitric acid parts with oxygen and generates nitrous anhydride and nitric peroxide, NaO$ 
and N2O4, which remain dissolved with a yellow color. The tendency to this change is 
very strong in absolute nitric acid, which cannot well be preserved colorless; and the acid 
of 70 per cent, colors far more readily than that of 35 per cent. The nitrogen oxides 
may be expelled by boiling; or, with less waste of nitric acid, by passing pure air through 
it, by means of a bellows, a wash-bottle, and, to avoid dilution, a drying-tube. 

689. Nitric acid is a strong oxidizing agent, and, as such, its reactions with oxidizable 
elements and compounds are in constant requisition in analysis. Unless heated, nitric 
acid does not generally oxidize substances as quickly as chlorine with water. 

690. In oxidizing and dissolving metalB or metalloids, and in oxidizing lower 
oxides, nitric acid most frequently disengages water and nitric oxide (d) ; but, with ce^ 
tain substances and under certain conditions, other residues are chiefly produced, as dini- 
trogen tetroxide (&), nitrous acid (c), nitrous oxide (e), nitrogen (/l^hydrogen (a), ammo- 
digitized by Vj, 
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nium nitrate (g). Examples of several of these results, as varied by conditions, are seen 
in the case of zinc (233 p, d, e), iron (168 ft, c, d, c), tin (426 d, e), arsenious acid (385 c). 
Further, in the study of oxidations, see 814. 

= NO« (combined) + B 

+ HaO + N.O4 

+ HNO,(2HNOs = HsOandNsO.) 

+ H«0 + 2NO 

-f HaO + N,0 

+ HaO + 2N (combined). 

g. lOHNO, = 8NO, ** + 8HaO + NH4NO, 

691. The metallic sulphides (except mercuric sulphide) dissolve as nitrates by action 
of nitric acid, more or less readily; the sulphur being at first mostly left as a residue. 
Eat as fast as the sulphur is oxidized, metallic sulphates are formed, soluble or insoluble 
(equations in 311). 

592. Nitric acid is formed by transposition between sulphuric acid and 

nitrates : 

KNO. + HaS04 = HNO, + KHSO4 

(With solid nitrates, short of a high heat.) 
2KNO, + H,S04 = 2HNO, + KaS04 

(In solution; or with solids at a red heat.) 

593. The Nitrates are all soluble in water. There are a few hctsic nitrates 
—basic bismuth nitrate, basic mercurous and mercuric nitrates, insoluble in 
water. Many of the nitrates are insoluble in alcohol. 

Most of the tests for the identification of nitric acid are made by its de. 
oxidation, disengaging a lower oxide of nitrogen (596), or even, by complete 
deoxidation, forming ammonia (598). ^ 

594. Sulphuric acid is transposed with metallic nitrates, with but little 
decomposition of the nitric acid formed (592). The colorless or slightly red- 
dish gas does not rise till the mixture is very hot — absolute nitric acid not 
being, like hydrochloric acid, a gas at ordinary temperatures. It reddens 
litmus, and has a characteristic acrid odor. 

595. If, with the sulphuric acid, a bit of copper turning, or a crystal of 
ferrous sulphate, is added to a concentrated solution or residue of nitrate, the 
mixture gives off abundant brown vapors; the colorless nitric oxide, NO, 
which is set free from the mixture, oxidizing immediately in the air to dinitro- 
gen trioxide and tetroxide, N^O, and W^O^ : 

2KNO, + 4HaS04 + 80u = K,S04 + 8OUSO4 + 4HaO + 2NO 
2KN0. + 4H,S04 + 6PeS04= K,S04 + 8Fea(S04)3+ fflaO + 2NO 

2NO + O = NaO, 



2NO + 20 = r^'yPA^T^ 
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The three atoms of oxygen, furnished hy two molecules of nitrate (as in 
590 rf), suffice to oxidize three atoms of copper ; so that 3CuO with SH^SO^, 
may form 3CuSO^ and 3H,0. The same three atoms of oxygen (having six 
bonds) suffice to oxidize six molecules of ferrous salt into three molecules of 
ferric salt ; so that 6FeSO^ with 3H,SO^, can form 3Fe,(SOj3 and 2iH.fi. 

696. Now if, by the last-named reaction, the nitric oxide is disengaged in 
cold solution, with excess of ferrous salt and of sulphuric acid, instead of pass- 
ing off, the nitric oxide combines with the ferrous salt, forming a black-browri 
liquid, (FeSOjjNO, decomposed by heat and otherwise instable. And 2N0 
require 4FeSO^, in addition to the proportion of ferrous salt in the equation 
in 595. 

dENOs + 4H,S04 + 10FeSO4 = 

KaSO* + SFeaCSOO. + 4HaO + 2(FeSO4)aN0 

This exceedingly delicate test for nitric acid or nitrates in solution may be 
conducted as follows : Take sulphuric acid to a quarter of an inch in depth in 
the test-tube ; add without shaking a nearly equal bulk of solution of ferrous 
sulphate, and cool the liquid ; then add slowly of the solution to be tested for 
nitric acid, slightly tapping the test-tube on the side, but not shaking it. The 
** brown ring " forms, between the two layers of liquid — violet, red, brown, or 
black, according tQ proportions and conditions. The color disappears on heat- 
ing, with evolution of nitrous gas, yellowish ferric solution remaining. The 
test is somewhat more delicate if a crystal of ferrous sulphate be added, in- 
stead of the solution, and the test-tube be set aside for several hours. 

697. Slight traces of nitrate (as in rain or river- waters) are detected, according to the 
above reaction, by first reducing to nitrite by heating for some time with zinc amalgam, 
or less readily with finely divided zinc. Nitrites previously fowvd to he absent , by the 
same test, viz. : To a thick layer gf the clear filtered water, the solution of ferrous sul- 
phate is added, and the brown coloration obtained, if nitrites have been formed. Or, a 
drop or two of potassium iodide solution with fresh starch-paste, and a drop or two of 
very dilute sulphuric acid is added (607). 

The reduction to nitrite may also be effected by zinc or cadmium, in acidulated solu- 
tion, as follows (Storee) :* Boil the solution, slightly acidulated (by addition of sulphuric 
acid, if necessary) with metallic cadmium (or zinc) for about five minutes, in a tall vessel 
— or, better, in a retort with raised condenser, and filter or decant from the metal. Then 
add a mixture of potassium iodide and starch-paste— or, better, a mixture of zinc iodide, 
zinc chloride, and starch-paste. The iodine-color indicates nitrous acid, reduced from 
nitric acid. Without the boiling in acidulate solution, hydrogen peroxide may be formed, 
giving a fallacious indication for nitric acid. 

698. Reduction to Ammonia, by strong reducing agents (590 g) is a valuable resource 
in identifying nitric acid. The tests based on this principle are delicate, but do not dis- 
tinguish nitric acid from nitrous acid or cyanogen compounds. Ammonia, if found 
alieady present, may be distilled off. In those tests requiring use of strong alkali, nitro- 
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genous organic substances will give ammonia. The ammonia obtained is, in most 
methods, identified by potassium merooric iodide — a reaction so delicate as to show the 
frequent presence of ammonia in distilled water and many reagents. Hence, all these 
must be first tested, if necessary, after distillation. Larger quantities of ammonia are 
recognized in vapor, by litmus, etc. 

In neutral solutions, sodium amalgam is used as follows — a method for the total of 
nitric and nitrous acids and ammonia, in potable waters, and otherwise applied : To 6 or 
8 cub. cent. (Ij^ or 2 fluid drachms) of the solution (in a carefully cleaned test-tube), add 
100 to 200 grains of sodium-amalgam, which is % per cent, sodium : cork the tube lightly 
and leave for twelve hours. Hydrogen is always slowly evolved, and escapes. Decant 
and rinse into a glass cylinder one inch wide, and at least six inches high, and add water 
to about 60 cub. cent. (2 fluid ounces). Nessler's test solution is now applied. The test 
cannot be made before decantation from the amalgam, as the nascent hydrogen inter- 
feres. 

The ThoacerU hydrogen developed by dissolving sdnc in solution of potassium hydrate 
also reduces nitrates in the alkaline solution, and evolves ammonia. This is a convenient 
and efficient test by reduction to ammonia. The solution should be strongly charged 
with potassium hydrate, the zinc finely divided, and mixed with half its weight of iron 
fihngs. The mixture is then distiUed at a boiling rate, and the distillate tested for am- 
monia by potassium mercuric iodide. The reagents, including the water, should be first 
tested in the apparatus. 

Metallic magnesium may be used for the reduction, as follows: Acidulate with phos- 
phoric acid; add magnesium wire, and leave, cold, a few minutes. Then test for 
ammonia, by the potassium mercuric iodide solution with potassium hydrate. If inter- 
fering acids are present, add potassium hydrate, distil, and test the distUlate for ammonia. 

Stannous chloride and hydrochloric acid, heated with a nitrate, form stannic chlo- 
ride, and convert nitric acid to ammonia (which remains as ammonium salt). 

699. With hydrochloric acid, nitric acid forms free chlorine, etc. (nitrohydrochloric 
acid, 513), applied as a test for nitric acid — in absence of other oxidizing agents — as fol- 
lows : Heat a little hydrochloric acid in a test-tube to boiling; color it (slightly) with a 
drop or two of very dilute indigo solution (in sulphuric acid), and boil again. If the 
hydrochloric acid was pui-e, the color remains unchanged. The addition of a nitrate, 
with boiling, now quickly bleaches the solution. 

600. Phenol, OeHsOH, gives a deep red-brown color with nitric acid, by formation 
of nitrophenol (mono, di, or tri), OflH4(NOa)OH to 0«H3(N02)30H, "picric acid" or 
nitrophenic acid. A mixture of one part of phenol (cryst. carbolic acid), four parts of 
strong sulphuric acid, and two parts of water, constitutes a reagent for a very delicate 
test for nitrates (or nitrites), a few drops being sufficient. With unmixed nitrates, the 
action is explosive, unless upon very small quantities. The addition of potassium 
hydrate deepens and brightens the color of the nitrophenic acid solution. 

601. Brucia, dissolved in concentrated sulphuric acid, treated (on a porcelain surface) 
with even traces of nitrates, gives a fine deep-red color, soon paling to reddish-yellow. 
If, now stannous chloride dilute solution be added, a fine red-violet color appears. 
(Chloric acid gives the same reaction.) Aniline Sulphate solution, with a half volume of 
concentrated sulphuric acid, treated (on a porcelain surface) with traces of nitrates, gives 
a rose-red color, commencing with red lines, and when concentrated appearing brown-red. 

602. By slight ignition, nitrates of the fixed alkali and alkaline earth metals are 
reduced to nitrites, recognized as shown in 607. Stronger ignition changes them to 
caustic bases, with formation of brown vapors. Nitrates of heavy metals are mostly 
changed to oxides by heat : ammonium nitrate, wholly to nitrous oxide and water. 

Heated on Charcoal, or with potassium cyanide, or sugar, sulphur or other easily 
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oxidizable sabstance (as in gunpowder), nitrates are reduced with deflagration or estplosUm, 
more or less violent. With potassium cyanide, on platinum foil, the deflagration is espe- 
cially vivid. In this reaction, free nitrogen is evolved, 'as by equation /, 590. 

Strongly heated with excess of potassium hydrate and sugar or other carbonaceous 
compound, in a dry mixture, nitrates are reduced to ammonia, which is evolved, and may 
be detected. In this carbonaceous mixture, the nitrogen of nitrates reacts with alkalies, 
like the unoxidized nitrogen in carbonaceous compounds (compare 585, 590 g, and 598). 

603. Free Nitric Acid may be distinguished from nitrates, by giving the brown 
liquid with ferrous salt, on reduction by zinc, without addition of sulphuric add, as 
stated in 597, and by coloring quill-cuttings or white woollen fabrics yellow, when the 
solution is evaporated with them on the water-bath. The yellow color substance contains 
xanthoproteic acid, and is formed by action of nitric acid upon any gelatinoid substance 
— as the skin — and upon ordinary albumenoid substances. (See, also, 678.) 

For Separation of nitrates from chlorates, see 580. 
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604. Absolute nitrous acid, HN'"Oa, is hardly known. It may exist in ice-cold, 
dilute, aqueous solution; but nitroua anhydride, NaOs, is the more stable compound. 
The latter, free from water, is a liquid, boiling at -10° C. as gaseous NaOs and N3O4, 
and capable of solution in ice-cold water as a blue liquid. This solution, on slight eleva- 
tions of temperature, splits into nitric oxide gas and nitric acid, the latter left in solu- 
tion : 

3Na03 -f HaO = 2HN08 -f 4NO 

605. Likewise, when a metallic nitrite is transposed by dilute sulphuric acid, nitric 
oxide is evolved and nitric acid is left in solution; the brown gas which appears being 
formed by the oxidation of nitric oxide, as soon as it enters the air: 

OKNOa + 3HaS04 = 3KaS04 + SHNOa -f 2HaO -f 4NO 

606. Nitrites, in many relations, act very readily as oxidizing agents; in other rela- 
tions, with equal readiness, as deoxidizing agents. In both of these directions, they fur- 
nish reactions for their identification. The oxidation changes by nitrous acid are given 
in 813. 

607. By Oxidizing Action, nitrites mostly furnish one-fourth of their oxygen, leaving 
nitric oxide. When decomposed in dilute cold solution by acetic acid or very dilute sul- 
phuric acid, they instantly liberate iodine from iodides {distinction from nitrates, which 
give this reaction slowly, even in moderately concentrated solutions). Only a drop or 
two of the potassium iodide solution should be added; if but traces of nitrite are present, 
the iodine may be detected by starch or carbon disulphide, as described in 565: 

HNOa + HI = I + HaO + NO 

608. Nitrites with very dilate acids — ^and with acetic add— form the brown liquid 
(596) with cold solutions of ferrous salts (distinction from nitrates) : . 

6FeS04 + 2H2SO4 + 2KNOa = Pea(S04)3 + K9SO4 + 2(FeS04)aNO + 2H,0 

609. Nitrites, with iodic acid, or iodate and slight acidulation, give free iodine-^ 
good distinction from nitrates. 

610. A concentrated solution of nitrites, treated with a drop or two of aniline snl- 
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phate solution, gives the vapor of phenol, recognized by its odor (ObHtN oxidized to 
CeHsO)— a distinction from nitric acid. Indigo solution in sulphuric acid is bleached bj 
nitrites. 

611. As a reducing agent, a nitrite decolors potassium permanganate solution acidu- 
lated with sulphuric acid — an easy distinction from nitrate. 

612. Nitritts are all soluble in water— ar^ew^ic nitrite being but very sparingly 
soluble, and nitrites generally requiring for solution a larger proportion of water than 
nitrates. In solutions not very dilute, silver nitrate precipitates aUver nitrite, AgNOa, 
white. In moderately concentrated solutions of potassium nitrite, cobalt nitrate precipi- 
tates potassio cohaltic nitrite^ (KN09)8CoaOs (Na08)a, reddish-yellow, sparingly soluble in 
water (225). 

In analysis, nitrites respond to the common test for nitrates (596); from which they 
are distinguished as stated in 607 to 611. 

613. By ignition, most metallic nitrites are resolved into metallic ocMes, nitrogen; 
and oxygen; ammonium nitrite, into nitrogen and water. Heated with oxidizable bodies, 
nitrites deflagrate or detonate, like nitrates. 



614. CYANOQEN, (0""N'")'» a-^ ordinary temperatures is a colorless gas, having an 
odor like prussic acid, and burning in the air with a blue-violet flame — the oxidation of 
its carbon only. It dissolves freely in water, slowly decomposing in the solution. It is 
very poisonous. It is not readily decomposed by chlorine in absence of water; but its 
carbon is oxidized by all strong oxidizing agents, though not rapidly. In many of its 
combinations, cyanogen resembles chlorine and other halogens. 

The most important Acids of Cyanogen are : 

Hydrocyanic acid H(ON)' or HOy'. 
Hydroferrocyanic acid, H4Pe"Oy«. 
Hydroferricyanic acid, HaFca'^Oyia, or HtFeOjt, 
Cyanic acid, HOyO. 
Sulphocyanic acid, BOyS. 



HYDBOCYANIO ACID. 

615. Aosolute hydrocyanic acid, HCy, at ordinary temperatures is a colorless liquid, 
boiling at 27° C. (81° F.), soluble in all proportions ii\ water, alcohol, and in ether--d©- 
conQposing slightly in its water solutions, scarcely at all in the dark. It vaporizes from 
its solutions, the more rapidly as they are more concentrated and at higher temperatures, 
and distils readily unchanged. It has a characteristic odor presented in a modified form 
by bitter almonds. The pharmacopoeial solution, ** diluted hydrocyanic acid" (not 
Scheele*s), contains two per cent, of the acid. (The vapor, unless greatly diluted with air, 
is a quick poison by inhalation :. antidotes, chlorine or ammonia, by inhalation.) 

616. The Cyanides of the alkali metals, alkaline earth metals, and mer- 
curic cyanide, are soluble in water — barium cyanide being but sparingly solu- 
ble. The solutions are alkaline to test-paper. The other metallic cyanides. 
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are insoluble in water. Many of these dissolve in solutions of alkaline cyanides, 
by combination, as double metallic cyanides. 

In analysis, the most delicate tests for hydrocyanic acid are the productions 
of color compounds of iron (622, 621). For the silver precipitate, 619. 

617. There are Two Classes of Double Cyanides, both of which are formed 
when a cyanide is precipitated by an alkali cyanide, and redissolved by excess 
of the precipitant, as shown in equation a. 

Class I. Double cyanides which are not affected by alkali hydrates, but suffer dissoda- 
tion when treated with dilute acids (&). These closely resemble the double iodides (558, 
potassium mercuric), and the double sulphides or sulphosalts (366 e, etc.) The most fre- 
quently occurring of the double cyanides of this class, which dissolve in water, are given 
below, 

a. HgOla + 2KOy = HgOy, + 2KC1 

HgOya + 2KOy = (KOy)aHgOy, 

b. (KOy)9HgOys + 2H01 = HgCy, + 2K01 + 2HOy 

Potassium (or sodium) zinc cyanide, (KOy)aZiiOya. 
, Potassium manganic cyanide (or potassium manganicyanide), (ECy)sMnOyi. 
Potassium (or sodium) nickel cyanide, (KOy)aNiCya. 
Potassium (or sodium) copper cyanide, (EOy)aCaCy3. 
Potassium cadmium cyanide, (KCy)aCdCya. 
Potassium (sodium or ammonium) silver cyanide, EOyAgOy. 
Potassium (or sodium) mercuric cyanide, (KOy)aHgOy8. 
Potassium (or sodium) auric cyanide, ECyAuCys. 

Class II. Double cyanides, which, as j)recipitates, are transposed by cUkcUi hydrates, 
in dilute solution (c), and are transposed, without dissociation, by dilute a^ids (d). In 
these double cyanides, as potassium ferrous cyanide, (KOy)4FeOya, the whole of the 
cyanogen appears to form a new compound radical with that metal whose single cyanide 
is insoluble in water; thus, FeOye as "ferrocyanogen," giving E4FeCy8 as "potassium 
ferrocyanide " (for the potassium ferrous cyanide). These more stable double cyanides or 
**fcrrocyanides," etc., correspond to the platinio double chlorides or **chloroplatinates" 
(480), and the palladium double chlorides, or chloropalladiates (485). The most frequently 
occurring of the double cyanides of this class, which are soluble in water, are given 
below. 

c, OuaPeOye + 4EOH = 20u(0H)a + KiFeOy. 

d. K4FeOy« + 2HaS04 = 2K9SO4 + H4FeOy« 
+ 3HaS04 = 3K9SO4 + 2H8FeOy« 

AlkaTTferrocyanides, as K4Fe"Cy«, potassium ferrous cyanide. 
Ferricyanides, as KaFeaV^Oyia, or KsFeOye, potassium ferric cyanide. 
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Gobalticyanides, as E6(Ck>s)^^'Oyia, or EsOoOys, potassium cobaltic cyanide. 
Manganicyanides, as Ee(Mns)^Cyi9, or EsMnCys, potassium manganic cyanide. 
Chromicyanides, as E«(Ors)^^Cyi8, or EsOrCye, potassium chromic cyanide. 

The easily decomposed double cyanides of Class I. are, like the single cyanides, in- 
tensely poisonous. The diflttcultly decomposed double cyanides of Class II. are not 
poisonous. 

618. The Single Cyanides are transposed by the stronger mineral 
acids, more or less readily, with liberation oi hydrocyanic acid, HCy, efler- 
vescing from concentrated or hot solutions, remaining dissolved in cold and 
dilute solutions. Mercuric cyanide furnishes HCy by action of H,S, not by 
other acids. The cyanides of the alkali and alkaline earth metals are trans- 
posed by all acids— even the carbonic acid of the air — and exhale the odor of 
hydrocyanic acid. 

619. Solution of silver nitrate precipitates, from solutions of cyanides or 
of hydrocyanic acid (not from mercuric cyanide), silver cyanide, AgCy, white, 
insoluble in dilute nitric acid, soluble in ammonium hydrate, in hot ammonium 
carbonate, in potassium cyanide, and in thiosulphates — uniform with silver 
chloride. Cold strong hydrochloric acid decomposes it with evolution and 
odor of hydrocyanic acid (recognition from chloride) ; and when well washed, 
and then gently ignited, it does not melt, but leaves metallic silver, soluble in 
dilute nitric acid, and precipitable as chloride (distinction and means of separa- 
tion from chloride). 

620. Solution of nierciirous nitrate, with cyanides or hydrocyanic acid, 
is resolved into metallic mercury, as a gray precipitate, and mercuric cyanide 
and nitrate, in^ solution. Salts of copper react, as stated in 278; salts of 
lead, as stated in 318. 

621. Ferrous salts, added to saturation, precipitate from solutions of 
cyanides, not from hydrocyanic acid, ferrous cyanide, FeCy,, white, if free 
from the ferric hydrate formed by admixture of ferric salt, and, with the same 
condition, soluble in excess of the cyanide, as (with potassium cyanide), (KCy)^- 
FeCy, = K^FeCy,,, Y>otSLSs\um ferrocyanide (a). On acidulating this solution, 
it gives the blue precipitates with iron salts, more marked with ferric salts (J) : 

a. 2EOy + Fe804 = PeOys + EsS04 

PeOya + 4KOy = EiFeOye 

b. 3K4FeOye + 2PeaOl6 = Fe4(FeOy«)s + 12K01 

This production of the blue ferric ferrocyanide is made mjii^cate test for 
hydrocyanic acid, as follows : A little potassium hydrate anaieffS||pulphatc 
are added, the mixture digested warm for a short time ; then a very liUlc fer- 
ric chloride is added, and the whole slightly acidulated (so as to dissolve all 
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the ferrous and ferric hydrates), when prussian blue will appear, if hydrocyanic 
acid was present. 

622. The production of the red ferric sulphocyanate is a test for hydro- 
cyanic acid, more delicate than formation of ferrocyanide. By warm digestion 
this reaction occurs : KCy + S = KCyS ; or : 

(NHOaS* + 2HOy = 2NH4C7S + H,S + S 

To the material in an evaporating dish, add one or two drops of yellow 
ammonium sulphide, and digest on the water- bath until the mixture is color- 
less, and free from sulphide. Slightly acidulate with hydrochloric acid (which 
should not liberate H^S), and add a drop of solution of ferric chloride; the 
blood-red solution of fenic sulphocyanate will appear, if hydrocyanic acid was 
present. 

623. Solution of nitrophenic acid, 06Ha(NOa)80H, added, in a small quantity, to a 
neutralized solution of cyanides of alkali metals, on boiling (and standing), gives a blood- 
red color, due to picrocyanate (as KOsHiNeOe). This test is very delicate, but ndt very 
distinctive, as various reducing agents give red products with nitrophenic acid. 

624. The fixed alkali hydrates, In boiling solution, strongly alkaline, gradually 
decompose the cyanides with production of ammonia and formate. Ferrocyanides and 
ferricyanides finally yield the same prdducts. Dilute alkalies, not heated, transpose, as 
by equation c, 617. 

HON + KOH + HaO = KOHO, -f- NH, 

By fusion with alkali hydrates, all cyanogen compounds yield ammonia (585). Con- 
centrated sulphuric acid decomposes cyanogen in all of its compounds. 

625. Cyanides are Reducing Agents — in the wet way having a moderate, in the dry 
way a forcible action; and in either way removing sulphur, as well as oxygen (830): 

With oxides : O -j- KOy = EOyO 

With sulphides : S + KOy = KOyS 

In solution : cyanides decolorize the permanganate, but do not reduce the cupric 
hydrate with potassium hydrate. 

By fusion : cyanides are employed as the most efficient of agents for obtaining metals 
from their oxides or sulphides, as has been stated with reference to arsenic, tin, etc. The 
cyanates and sulphocyanates, so formed, are not readily decomposed by heat alone. 

By exposure to the air, cyanides acquire some proportion of cyanates, and commercial 
cyanide of potassium contains cyanate. 



HYDBOFEBBOCYANIC ACID. 

626. Absolute hydroferrocyanic acid, H4FeOy8— see 617, Class II. — is a white i 
freely soluble in water and in alcohol. The solution is strongly acid to test-paper, and 
decomposes carbonates with effervescence, and acetates. It is non-volatile, but absorbs 
oxygen from the air, more rapidly when heated, evolving hydrocyanic acid and deposit- 
ing Prussian blue, thus : 

7H4PeOya + 20 = Pe4(PeOy«), + SHaO -k^24HOy 
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627, Hydroferrocyanic acid is formed by transposition of metallic ferrocyanides in 
solution, with strong acids (a). When the solution is heated, hydrocyanic acid is evolved; 
in the case of an alkali ferrocyanide, without absorption of oxygen {b). Potassium ferro- 
cyanide and sulphuric acid are usually employed for preparation of hydrocyanic acid : 

a. E4FeOye + 2Hs80« = 2K9SO4 + H4Fe07e 

ft. 3H4FeOy. + K4(PeOye) ^ 3KaFePeOy« + 12HOy 
a.andft. 2K4FeOy« + 8HjS04 = SKjSO* + K.FePeOye + 6HOy 

628. The Ferrocyanides of the alkali metals, strontium, calcium, and 
magnesium, are freely soluble in water; of barium, sparingly soluble ; of the 
other metals, insoluble in water. There are double ferrocyanides j soluble and 
insoluble ; that of barium and potassium is soluble, but potassio calcic ferro- 
cyanide is insoluble. The most of the ferrocyanides of a heavy metal and an 
alkali metal are insoluble. Potassium and sodium ferrocyanides are precipi- 
tated from their water solutions by alcohol (distinction from ferri cyanides). 

The soluble ferrocyanides are yellowish in solution and in crystals, white 
when anhydrous. The insoluble ferrocyanides have marked and very diverse 
colors — as seen below. 

In analysis, soluble ferrocyanides are recognized by their reactions with 
ferrous and ferric salts and copper salts (629). Separated from ferricyanide, 
by insolubility of alkali salt in alcohol. 

629. Solutions of alkali Ferrocyanides, as K^FeCy^,, give, with soluble 
salts of: 

Aluminium, a white precipitate, Al,(OH), and FeCy, (formed slowly). 

Antimony, a white ** 

Bismuth., a white ** 

Cadmium, a white " 

Calcium, a white " 

Chromium, no ** 

Cobalt, a green, then gray " 

Copper, a red- brown " 

(Jold, no " 

Iron (ferrous), whi. then blue " 

Iron (ferric), a deep blue " 

Lead, a white " 

IKagnesium, a white '* 

a yellow- white " 



Bi,(Pe<3y.).. 

CdjFeCyg (sol. in hydrochloric acid). 

K,CaFeCy.. 

Co.FeCy,. 
Cu,FeCy,. 

K^FeFeCy.. 

Fe,(FeCy.),. 

Pb^FeCy,. 

(NH,),MgFeCy, (in presence of NHJ. 

K MgFeCy, (only in cone, solution). 
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Manganese, a white precipitate Mn^FeCy, (sol. in hydrochloric acid). 

Mercury (mercurons), awhi. " Hg^FeCy, (gelatinous). 

Mercury (mercuric), a white " Hg^FeCy,, turning to HgCy, and 

Fe3(FeCyJ„ blue. 

Molybdenum, a brown " 

19'ickel, a greenish- white " Ni^FeCy,. 

Silver, a white " Ag^FeCy, (slowly turning blue). 

Tin (stannous, stannic), whi. << (gelatinous). 

Uranium (uranous), brown " UFeCy,. 

Uranium (uranic), red-brown " ^S^^^^%* 

Zinc, a white, gelatinous «' Zn,FeCy,. 

Insoluble ferrocyanides are transposed by alkalies (617 c, and 624). 

630. It will be observed (617) that ferrocyanides a/re ferrous combinations, while ferri' 
eycmidea are ferric combinations. And, although ferrocyanides are far less easily oxi- 
dized than simple ferrous salts, being stable in the air, they are nevertheless reducing 
agents — of moderate power. For oxidations of ferrocyanides, see 832. 

K4(FeOy«)"" + Ol = K,(FeOyfl)'" + KOI 



HYDBOFEBBICYANIO ACID. 

631 Absolute hydroferricyanic acid, HsPeCya, is a non- volatile, crystallizable solid, 
readily soluble in water, with a brownish color, and an acid reaction to test-paper. It is 
decomposed by a slight elevation of temperature. In the transposition of most ferricy- 
anides, by sulphuric or other acid, the hydroferricyanic acid radical is broken up. 

632. The Ferricyanides of the metals of the alkalies and alkaline earths 
are soluble in water ; those of most of the other metals are insoluble or spar- 
ingly soluble Potassium and sodium ferricyanides are but slightly, or not at 
all, precipitated from their water solutions by alcohol (separation from ferro- 
cyanides). 

In analysis, the reactions with ferrous and ferric salts are distinguishing. 

The soluble ferricyanides have a red color, both in crystals and solution; 
those insoluble have different, strongly marked colors. 

Ferricyanides are not easily decomposed by dilute acids ; but alkali hy- 
drates either transpose them (617 c), or decompose their radicals (634) 

Solutions of metallic Ferricyanides give, with soluble salts of: 

Aluminium, no precipitate. 
Antimony, no precipitate. 
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Bismuth, light-brown precipitate, BiPeCy, — insol. in hydrochloric acid. 

Cadmium, yellow precipitate, Cd,(PeCy,), — sol. in acids and in ammonia. 

Chromium, no precipitate. 

Cobalt, brown-red precipitate, Co,(PeCyj3 — insoluble in acids. With ammo- 
nium chloride and hydrate, excess of ferricyanide gives a blood-red sobl- 
tion, a distinction of cobalt, from nickel, manganese and zinc. 

Copper, yellow-green precipitate, Cu,(FeCyj5, — insol. in hydrochl. acid. 

Gold, no precipitate. 

Iron (ferroTis), dark-blue precipitate, Fe,(PeCy,), — insoluble in acids. 

Iron (ferric), no precipitate, a darkening of the liquid. 

I«ead, no precipitate, except in concentrated solutions (dark brown). 

Manganese, brown precipitate, Mn3(PeCyJj, — insoluble in acids. 

Mercury (mercurous), red-brown precipitate, turning white on standing. 

Mercury (mercuric), no precipitate. 

Nickel, yellow-green precipitate, N"i3(PeCyJ, — insol. in hydrochloric acid. 
With ammonium chloride and hydrate, excess of ferricyanide gives a 
copper-red precipitate. 

Silver, a red -brown precipitate, AggPeCy, — soluble in ammonia. 

Tin (stannous), white precipitate, Sn,(PeCyj), — sol. in hydrochloric acid. 

Tin (stannic), no precipitate. 

Uranium (uranous), no precipitate. 

Zinc, orange precipitate, Znj(PeCy,), — soluble in hydrochloric acid and in 
ammonia. / 

633. Ferricyanides, as ferric combinations, are capable of acting as Oxidizing 
Agents, the radical (PeOye)'", becoming ( PeOye)"", and taking another portion of 
metal into combination, forming ferrocyanides (compare 630). Products with reducing 
agents are given in 833. 

4K,FeCye + 2HaS = 8K4PoOy« + n,FeOj^ + 28 

EsFeCys + KI = EiFeCye -f I 

Nitric acid, or acidulated nitrite, by continued digestion in hot solution, effects a still 
higher Oxidation of FerricyanideB, with the production, among other products, of 
nitro-ferricycmidea or nitro-prusaidea. These salts are generally held to have the eompo- 
sdtion represented by the acid, H9Fe"(NO)'Oy6. Sodium ^itroprusside is used as a 
reagent for soluble sulphides — ^that is, in presence of alkali hydrates, a test for hydrosul- 
phuric acid; in presence of hydrosulphuric acid, a test for alkali hydrates (668). 
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CYANIC ACID. 

634. Absolute cyanic acid, HCyO, is a colorless liquid, giving off pungent, irritating 
vapor, and only preserved at very low temperatures. It cannot be formed by transposing 
metallic cyanates with the stronger acids in the presence of water, by which it is changed 
into carbonic anhydride and ammonia : 

H(ON)0 + HaO = NH, + OOa. 

635. The Cyanates, therefore, when treated with hydrochloric or sulphuric acid, 
effervesce with the escape of carbonic anhydride (distinction from cyanides), the pungent 
odor of cyanic acid being perceptible. The ammonia remains in the liquid as ammonium 
salt, and may be detected by addition of potassium hydrate, with heat. 

2K(CN)0 + 2HaS04 + 2H2O = KaSO* + (NH^aSO* + 200, 

636. The cyanates of the metals of the alkalies and of calcium are soluble in water; 
most of the others are insoluble or sparingly soluble. All the solutions gradually decom- 
pose, with evolution of ammonia. — Silver cyanate is sparingly soluble in hot water, 
readily soluble in ammonia ; soluble, with decomposition, in dilute nitric acid (distinction 
from cyanide). Copper cyamite is precipitated greenish-yellow. 

Ammonium cya/nate in solution changes gradually, or immediately when boUed, to 
v/rea, or carbamide, with which it is isomeric : NH4CNO = (NHa)'2(CO)", The latter 
is recognized by the characteristic crystalline laminsB of its nitrate, when a few drops of 
the solution, on glass, are treated with a drop of nitric acid. Also, solution of urea with 
solution of mercuric nitrate, forms a white precipitate, CH4NaO(HgO)3, not turned yel- 
low (decomposed) by solution of sodium carbonate (no excess of mercuric nitrate being 
taken). Solution of urea, on boiling, is resolved into ammonium carbonate, which slowly 
vaporizes : 

CH^NaO + 2HaO = (NHOaOO, 

637. Cyanates, in the dry way, are reduced by strong deoxidizing agents to cyanides. 



SULPHOCYANIC ACID (THIOCYANIC ACID). 

638. This acid, HCyS, corresponds to cyanic acid (HOyO), oxygen being substituted 
by sulphur. Its salts, the sulphocyanates (also termed sulphocyamide^), appear to be con- 
stituted as sulphosalts, with OyS as the acid radical. In this view, they are not haloid 
salts. 

639. Absolute sulphocyanic acid, HCyS, is a colorless liquid, crystallizing at 12" C. 
(54" F.), and boiling at 85° C. (185" F.) It has a pungent, acetous odor, and reddens 
litmus. It is soluble in water. The absolute acid decomposes quite rapidly at ordinary 
temperatures; the dilute solution, slowly; with evolution of carbonic anhydride, carbon 
disulphide, hydrosulphuric acid, hydrocyanic acid, ammonia, and other products. 

640. The same products result, in greater or less degree, from transposing solvbU 
Sulphocyanates with strong acids; in greater degree as the acid is stronger and heat 
applied ; while in dilute cold solution, the most of the sulphocyanic acid remains unde- 
composed, giving the acetous odor (see 643). The sulphocyanates insoluble in water, are 
not all readily transposed by acids. Sulphocyanates of metals, whose sulphides are insolu- 
ble in certain acids, resist the action of the same acids. 
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641. The sulphocyanates of the metals of the alkalies, alkaline earths; 
also, those of iron (ferrous and ferric), manganese, zinc, cobalt, and copper — 
are soluble in water. Mercuric sulphocyanate, sparingly soJuble ; potassio 
mercuric sulphocyanate, more soluble. Silver sulphocyanate is insoluble in 
water, insoluble in dilute nitric acid, slowly soluble in ammonium hydrate. 
The ferric reaction is the most distinctive. 

642, Solutions of metallic Sulphocyanates give, with soluble salts of: 

Cobalt, very concentrated, a blue color, Co(CyS)„ cry s tall izable in blue 
needles, soluble in alcohol, not in carbon disulphide. The 
coloration is promoted by warming, and the test is best made 
in an evaporating dish. In strictly neutral solutions, iron, 
nickel, zinc, and manganese, do not interfere (Schobnn). 

Copper, if concentrated, a black crystalline precipitate, Cu(CyS)3, soluble 
in sulphocyanate. With sulphurous acid, a white preci- 
pitate, CuCyS. 

Iron (ferrouB), no precipitate or color. 

Iron (ferric), an intensely blood-red solution of Fe,(CyS)g, decolored by so- 
lution of mercuric chloride (189, distinction from acetic 
acid) ; decolored by phosphoric, arsenic, oxalic, and iodic 
acids, etc., unless with excess of ferric salt; decolored by alka- 
lies, and by nitric acid, not by dilute hydrochloric acid. On 
introduction of metallic zinc, it evolves hydrosulphuric acid, 
l^erric sulphocyanate is soluble in ether, which extracts traces 
of it from aqueous mixtures, rendering its color much more 
evident by the concentration in the ether layer. 

Lead, gradually, a yellowish crystalline precipitate, 'Ph{CjS)^, changed by 
boiling to white basic salt. 

Mercury (mercurous),a white precipitate, HgCyS, resolve! by boiling into 
Hg and Hg(CyS)j,. The mercurous sulphocyanate, HgCyS, 
swells greatly on ignition (being used in *' Pharaoh's ser- 
pents"), with evolution of mercury, nitrogen, sulphocyanogen, 
cyanogen, and sulphur dioxide. 

Mercury (mercuric), in solutions not very dilute, a white precipitate 
Hg(CyS)3, somewhat soluble in excess of the sulphocyanate, 
sparingly soluble in water, moderately soluble in alcohol. On 
ignition, it swells like the mercurous precipitate. 

Platinum. Platinic chloride, gradually added to a hot, concentrated solution 
of potassic sulphocyanate, forms a deep-red solution of double 
sulphocyanate of potassium and platinum (^KCyS),Pt(CyS)^, 
or more properly, K:3Pt(CyS)., the sulphocj/ano-platinate of 
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potassium. The latter salt gives bright-colored precipitates 
with metallic salts. The sulphocyano-platinate of lead (so 
formed) is golden-colored ; that of silver, orange red. 

Silver, a white precipitate, AgCyS, insoluble in water, insoluble in dilute nitric 
acid, slowly soluble in ammonium hydrate, readily soluble in 
excess of potassic sulphocyanate ; blackens in the light. 

643. Certain active oxidizing agents, viz. : nascent chlorine, and nitric acid contain- 
ing nitrogen oxides, acting in hot, concentrated solution of sulphocyanates, precipitate 
peraulphocyanogen, H(OyS)a, of a yellow-red to rose-red color, even blue sometimes, 
when concentrated. It may be formed in the test for iodine, and mistaken for that ele- 
ment, in starch or carbon disulphide. If boiled with solution of potassium hydrate, it 
forms sulphocyanate. 

Concentrated hydrochloric acid, or sulphuric acid, added In excess to water solution 
of sulphocyanates, causes the gradual formation of a yellow precipitate, persulphocyomic 
add, (HOy)9Sa, slightly soluble in hot water, from which it crystallizes in yellow needles. 
It dissolves in alcohol and in ether. 

644. Sulphocyanate of potassium can be fused in close vessels, without decomposi- 
tion ; but with free access of air, it is resolved into sulphate and cyanate, with evolution 
of sulphurous acid. 



645. CARBON is a solid, characterized by being insoluble in acids, alkalies, or other 
ordinary solvents, and infusible and non-volatile at very high temperatures. It suffers 
no oxidation in the air at ordinary temperatures. — As cJiarcocU, the black residue of the 
partial combustion of all organic substances, carbon is quickly oxidized to carbonic 
a/nhydride in the air at the temperature of ignition, but is not affected by powerful 
oxidizing solvents. — As graphite, carbon is only very slowly o:ddized during ignition in 
the air, but is gradually oxidized by repeated digestions with chlorates and strong acids. 

The Acids containing Carbon, whose reactions are given in this work 
are: 

Carbonic acid, HjC""0, ; anhydride, C'"'0,. 

Oxalic acid, H^C^^O^.* 

The Cyanogen acids, named in 614. 

Acetic acid, H(C,H,Oj'. 

Tartaric acid, H,(C,H,0.)". 

Citric acid, H,(C.H,0,)'". 



* In the received view, that carbon remains a tetrad In nearly all its many componnds, the foUowiog 
graphic f ormnlflB are written : 

H-O- 
Carbonic acid, C=0 

H-O- 

H-O-0=0 

Oxalic acid, I 

H-0-0=0 

Oooopare with psendo-triads, page 11, foot-note. ^ j 
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CABBONIC ANHYDRIDE. 

646. Absolute carbonic acid, as H3CO,, is not known. — Carbonic anhy- 
dride, CO,, carbon dioxide, or *' anhydrous carbonic acid," is a gas at atnios- 
pheric temperatures and pressures, and dissolving, however much condensed, in 
about its own bulk of water. The alkali metals form double carbonates with 
hydrogen, or acid carbonates, as KHCO,. The anhydride, COj, is often de- 
signated as carbonic acid, as we have no other substance to which the term can 
be applied. 

647. The Carbonates of the metals of the alkalies are very freely soluble 
in water ; the hydrogen carbonates of the same metals, moderately soluble in 
water. A II other metallic carbonates are insoluble in water. The carbonates 
of the alkaline earth metals, and of some others, dissolve slightly in water sa- 
turated with carbonic acid, and to a greater extent in water saturated with com- 
pressed carbonic acid — from which solutions they are fully precipitated on 
heating in open vessels. The metallic carbonates, except normal ammonium 
carbonate, are insoluble in alcohol. 

In analysis, the carbonates are denoted by the sudden effervescence, etc. 
(648), caused even by acetic acid. 

648. The carbonates, both soluble and insoluble, are decomposed by all 
the acids (except hydrosulphuric and hydrocyanic), even when very dilute. 
The decomposition is attended by sudden effervescence of carbonic anhydride, 
CO,, which reddens moist litmus (a). 

With normal carbo^iates in cold solution, slight additions of acid (short of 
a saturation of half the 'base) do not cause effervescence, because acid car- 
bonate is formed {b) ; and when there is much free alkali present (as in testing 
caustic alkalies for slight admixtures of carbonate), perhaps no effervescence is 
obtained. By the time all the alkali is saturated with acid, there is enough 
wafer present to dissolve the little quantity of gas set free. But if the car- 
bonate solution is added drop by drop to the acid, so that the latter is con- 
stantly in excess, even slight traces of carbonate give notable effervescence. 

a. KaOOa + 2H01 = 2K01 + HaO + OOa 

b. KaOO, 4" HOI = KOI + EHCOs 

649. The effervescence of carbonic acid gas, CO,, is distinguished from 
that of HjS or SO, by the gas being odorless, from that of N^G, by its being 
colorless and odorless ; from all others by the effervescence being proportionally 
^ore forcible. It should be remembered, however, that CO, is evolved (with 
CO) on adding strong sulphuric acid to oxalates (653), or to cyanates (635). 

On passing the gas, CO,, into solution of calcium hydrate (a) ; or of 
barium hydrate (b) ; or into solutions of calcium or barium chloride, contain- 
ing much ammonium hydrate (c), or into ammoniacal solution, of lead 
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aoetate (<?);»» white precipitate or turbidity of insoluble carbonate isob- 
taioed. In the case of the solution of lime (or of baryta if dilute), the preci- 
pitate is soluble in sufficient excess of the gas — i.e,, in water saturated witli 
carbonic acid ; but it is not easy to saturate with gas generated in an open test- 
tube. The precipitate may be obtained by decanting the gas (one- half heavier 
than air) from the test-tube in which it is liberated into a (wide) test-tube, 
containing the solution to be precipitated ; but the operation requires a little 
perseverance, with repeated generation of the gas, owing to the difficulty of 
displacing the air by pouring into so narrow a vessel. The result is controlled 
better, by generating the gas in a large test-tube, having a stopper bearing a 
narrow delivery-tube, so bent as to be turned down into the solution to be pre- 
cipitated : 

a. OOt + Oa(OH). = OaOO, + H,0 

h, Ba(OH)t giving BaCOs 

e. OO, + OaOla + 2NH4OH = OaOO, + 2NH4OI + H,0 

d. OO9 + PbaO{0,H80,)» = PbOOs + Pb(OaH,Oa)3 

The solutions of calcium and barium hydrates, furnish more delicate tests 
for carbonic anhydride than the ammoniacal solutions of calcium and barium 
chlorides, but less delicate than lead basic acetate solution. The latter is so 
rapidly precipitated by atmospheric carbonic anhydride, that it cannot be pre- 
served in bottles partly full and frequently opened, and cannot be diluted clear, 
unless with recently boiled water. 

650. Solutionis of the acid carbonates effervesce, with escape of CO,, on 
boiling or heating, thus : 



2EH003 


= K,00, 4 


HaO 


+ 


OOa. 


(GraduaUy, at 100" C.) 


2NaHOO, 


= NaaOO, + 


H,0 


+ 


002. 


(Gradually, at 70" C. ; rapidly at 
90«>tol00'C.) 


2NH4HOO3 


= (NHOaOOs + 


H,0 


+ 


OOa. 


(Begins to evolve OOj at 36" C.) 


(NHOiHaCOOa), 


= 2(NH4),00, + 


HaO 


+ 


OOa. 


(Begins at 49° C.) 



651. Solutio7is of carbonates form precipitates with salts of all metals, 
except those of the alkalies ; the precipitate being, in the larger number 
of cases, a carbonate or basic carbonate ; in some cases, a hydrate, with effer- 
vescence of CO, : 

KaOO, + PeOl, = PeOO, + 2K01 

SKaOO, + FeaOls + 3HaO = Fe2(OH)6 + 6K01 + 800, 

652. On ignition, the normal carbonates of the metals of the fixed alkalies 
are not decomposed ; the carbonates of barium, strontium, and calcium are dis- 
sociated slowly, at white heat (81); all other carbonates are readily broken up. 
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OXALIC AdD. 

653. Absolute oxalic acid, H,C,0^, is a white, amorphous solid, which by 
care may be sublimed with only partial decomposition (a), at about 165° C. 
(329° Y.) Crystallized oxalic acid, H,C,0^.2H,0, effloresces very slowly in 
warm dry air, ana melts in its crystallization-water at 08° C. (208° F.) ; at 
which temperature the liquid soon evaporates to the absolute acid. Oxalic 
anhydride is not formed. 

a. H3O3O4 = HaO + OOa + 00 

Concentrated sulphuric acid, with a gentle heat, decomposes oxalic acid, 
with effervescence of carbon dioxide and carbon monoxide, according to the 
equation in the preceding paragraph. With oxalates, the decomposition gene- 
rates the same gases. Other strong dehydrating agents produce the same 
result. 

The effervescing gas, CO, -\- CO, gives the reactions for carbonic anhydride 
(649) ; also, if in a sufficient quantity, it will burn with a blue flame, when 
ignited, by the oxidation of the carbon monoxide. 

664. The Oxalates of the metals of the alkalies are soluble^ in water ; 
nearly all those of the other metals are either insoluble or sparingly soluble in 
water. (Chromic oxalate is freely soluble in water ; magnesic oxalate, spar- 
ingly soluble.) 

In analysis, calcium oxalate is the precipitate most used, soluble in hydro- 
chloric, not in acetic, acid. Also, the reducing action (657), decomposition 
with sulphuric acid (653), and ignition (658), serve in identification. 

655. The metallic oxalates, soluble and insoluble, are transposed by dilute 
sulphuric, hydrochloric, and nitric acids, with formation of oxalic acid : 

CaCaO^ 4- 2HC1 = OaCls -f- H3C2O4 

That is : the precipitated oxalates of those metals, which form soluble chlo- 
rides, dissolve in dilute hydrochloric acid ; of those metals which form soluble 
sulphates, in dilute sulphuric acid ; and all precipitated oxalates dissolve in 
dilute nitric acid. 

Acetic acid does not dissolve precipitated oxalates, or but slightly. Cer-. 
tain of the oxalates dissolve, to some extent, in oxalic acid (as acid oxalates). 

656. The precipitates of oxalates are white. It follows, from 655, that 
solution of oxalic acid can be precipitated but very slightly by any metallic 
salts of the stronger acids. 

Solutions of metallic oxalates giy% with soluble salts of calcium, a quite 
complete precipitate of calcium oxalate, CaC^O^ (compare 107) ; with salts of 
barium, in solutions not very dilute, a slightly soluble precipitate of barium 
oxalate, BaC O. ; with ferric salts, a yellowish-white precipitate of ^ferric 
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kUe, Fe,(C,Oj„ sparingly soluble in water, soluble in free oxalic acid ; with 
ferrous salts, a yellowish precipitate of ferrous oxalate^ PeC,0^, not soluble 
in oxalic acid ; with salts of lead, as stated in 317 ^ with salts of silver, a char- 
acteristic reaction, as stated in 337 and 658 c. 

667. Oxalic acid is a decided Reduoing Agent, being converted to v>ater and ear- 
home anhtfdride (a), and the metallic oxalates to carbonates amd carbonic anhydride (d), 
by all strong oxidizing agents. The action of oxidizing agents is given in 811. 



a. 


H,0a04 


+ 


o 


= 


H,0 


+ 


200. 


b. 


K,0a04 


+ 


o 


= 


K,00, 


+ 


OO, 



668. The oxalates are all dissociated on ignition. Those of the metals of the alkalies 
and alkaline earths are resolved at an incipient red heat, into carbonates and carbon 
monoxide (a)- -a higher temperature decomposing the carbonates (652). The oxalates of 
metals, whose carbonates are easily decomposed, but whose oxides are stable, are resolved 
into oxides, carbonic anhydride, and carbon monoxide (ft). The oxalates of metals, 
whose oxides are decomposed by heat, leave the metal, and give off carbonic anhydride 
(e). As an example of the latter class, silver oxalate, when heated before the blow-pipe, 
decomposes explosively, with a sudden puffing sound— a test for oxalates : 



+ OO 



a 


OaO,04 


= 


OaOO, 


+ 


OO 


ft. 


ZnCs04 


= 


ZhO 


+ 


OO, 


e. 


Ag,0,04 


= 


2Ag 


+ 


200, 



669. SULFUUK is a solid — ^in yellow, brittle, friable masses (from melting); or in 
yellowish, gritty powder {from sublimation); or in nearly white, slightly cohering, finely 
crystalline powder (by precipitation from its compounds). It melts at about 111° C. 
(332* F.); at higher temperatures, it suffers peculiar physical modifications of consistence, 
etc. ; and distils at 445° C. (836° F.) It is not sensibly volatile at ordinary temperatures, 
but has a slight, characteristic odor. 

In chemical activity, volatility, and other properties, sulphur stands as the second 
member of the Oxygen Series : 0, 16; S, 33; Se, 78; Te, 128. 

660. Sulphur is insoluble in water; slightly soluble in alcohol and in ether, freely 
soluble in carbon disulphide; but with physical solvents other than water, its different 
modifications have different solubilities. 

661. By comfti?M»^ion— sulphur dissolves readily in hot solutions of hydrates of potas- 
sium, sodium, calcium, or barium, forming snpersulphides and thiosulphates (a). These can 
be separated by alcohol, in which the sulphides dissolve. Sulphur is acted upon slowly 
by active oxidizing agents, as hot concentrated nitric acid (ft), or chlorine generated in 
presence of water (c), with formation of sulphuric acid. Hot concentrated sulphuric acid 
very slowly oxidizes sulphur to sulphmrous cmhydride, by its own reduction to the same 
compound (d) : 

+ 3H80 



a. 


80a(0H), + 6S 


= 20aS, 


+ 


OaS,Os 


Or: 


80a(OH)3 + 128 


= 20a8» 


+ 


OaStO, 
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h. 8 + 2HNO> =: H,804 4- 2NO 

c. 8 + 601 + 4H,0 = HaS04 + eHOl 

d, 8 + 2H,S04 + H,0 . = 8H3SO, 

'662. In the air, at ordinary temperatures, finely divided sulphur is very 
slightly oxidized, by ozone, to sulphuric acid ; at about 260^ C. (500^ F.) it 
begins to oxidize rapidly to sulphurous anhydride^ burning with a blue flame. 
The principal Acids of Sulphur are : 

Hydrosulphuric acid, Hs8". 
Sulphuric acid, HaS^O^. 
Sulphurous acid, HaS""0«. 
Thiosulphuric acid, HjSj""0«. 
Dithionic acid, HsSaOa. 
Trithionic acid, HtSsOa. 
Tetrathionic acid, HaS^Oa. 
Pentathionic acid, HaSsOa. 

HYDBOSULPHTJBIC ACID. 

663. Absolute hydrosulphuric acid, H,S, is a colorless gas, sparingly sol- 
uble in water.* 

The solution in open vessels vaporizes gas constantly, at ordinary tempera- 
tures, until exhausted ; more rapidly when boiled. Both gas and solution 
feebly redden moist litmus-paper ; and have a very strong, characteristic 
odor. (The concentrated gas is a quick poison, by inhalation.) 

Absolute hydrosulphuric acid is combustible in the air — burning with a 
blue flame, to sulphurous anhydride and water. 

664. The solubility of the Metallic Sulphides in water, dilute acids, hot 
nitric acid, and in alkali sulphides, is shown in the groupinsf of the bases, and 
the sub-grouping of the second group precipitates. 

In analysis, sulphides are known by generation of H^S (665), or separation 
of S by oxidizing solvents, and by the color test with nitro-ferricyanide (668). 

665. Sulphuric acid, dilute, transposes the metallic sulphides; except 
those of arsenic, tin, antimony, mercury, silver, (and lead), which are decom- 
posed with difficulty, or not at all : 

Pes + HaS04 = PeS04 + HaS 

The gaseous hydrosulphuric acid, when liberated, is recognized by its odor, 



* One part of iron Bnlphide, with one and a half parts of concentrated enlpharic acid diluted to eight or 
nine parts generate snfElcient hydrosulphuric acid to saturate fifty parts of water at medinm^^mperatore. 

digitized by LiOOgle 



196 Hydrosulphuric Acid. 

by blackening paper moistened with lead acetate, or with a solution of a lead. 
salt with excess of hydrate of potassium or sodium (311 and 309). In the 
detection of traces of the gas, a slip of bibulous paper, so moistened, may be 
inserted into a slit in the smaller end of a cork, which is fitted to the test-tube, 
wherein the material to be tested is treated with sulphuric acid ; the tube being 
set aside in a warm place for several hours. A very delicate test is made by 
conducting the gas into ammoniacal solution of nitroferricyanide (668). 

If any oxidizing agents are present—as chromates, ferric salts, manganic 
salts, chlorates, etc. — hydrosulphuric acid is not generated, but instead sulphur 
is separated, or sulphates are formed (666). 

The sulphides not transposed with hydrochloric or sulphuric acid, are recog- 
nized by the separation of sulphur on treatment with nitric acid, or with 
nitrohydrochloric acid. Also, these sulphides and certain supersulphides, 
attacked with difficulty by acids, as iron pyrites and copper pyrites, are re- 
duced and dissolved, with evolution of hydrosulphuric acid, by dilute sul- 
phuric acid with zinc. The gas, with its excess of hydrogen, may be tested 
•by 668. 

666. Hydrosulphuric acid is a strong reducing agent, and the metallic 
sulphides act in the same capacity with a greater or less degree of force. The 
reactions with oxidizing agents are given at length in 817. Equations are given 
— with ferric salts, in 171 a ; with chromates, in 166 a; with iodic acid, in 
571 c, d; with iodine, in 554 e; with sulphuxouB acid, in 694 c; with 
ferricyanides, in 633. Iodine solutions and permanganate solutions are 
quickly decolored with precipitation of sulphur. 

The hydrogen of Hj,S takes oxygen readily ; the sulphur more slowly. In 
the oxidation of metallic sulphides, generally, less sulphur is left unoxidized 
than occurs in the oxidation of hydrosulphuric acid — owing to the stronger 
tendency to form sulphates. 

667. Solutions of metallic sulphides give precipitates with soluble salts of 
second and third group metals ; hydrogen sulphide, with salts of second 
group metals only. The precipitates are sulphides, except with chromium and 
akiminium ; reduction occurring with ferric and arsenic salts, which form ferrous 
and arsenious sulphides. The precipitates have strongly marked colors — that 
of zinc being white ; those of iron, copper, and lead, black; arsenic, yellow ; 
antimony, orange-red; mercury, successively white, yellow, orange, and Mack. 

668. Solutions of nitro-fexxioyanides (683) give, with soluble met^lic sulphides (or 
with hydrosulphuric acid after addition of an alkali, or with free sulphur after digesting 
with an alkali), an intense, nah purple color, disappearing after some time. Add a drop 
of the reagent, to a few drops of the solution, on a white porcelain surface. Vapors are 
tested for hydrosulphuric acid by conducting them into ammoniacal solution of sodium 
nitroferricyanide. (Vapors are tested for ammonia by passing them into solution of 
nitroferricyanide with hydrosulphuric acid.) 

669. By ignition in the air, sulphur gives its characteristic odor^f mtpharoua cmhy- 
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cbride (682). Many of the sulphides yield more or less sulphurous anhydride ; most of 
them are also, partly or wholly, converted to sulphates. 

When ignited on charcoal with sodium carbonate — or {distinction from sulphates) if 
ignited in a porcelain crucible with sodium carbonate— soluble sodium sulphides are 
obtained. The production of the sodium sulphide is proved by the black stain of AgaS, 
formed on metallic silver by a moistened portion of the fused mass. (Compounds of 
selenium and tellurium, 499.) 



SULPHURIC ACID. 

670. Sulphuric anhydride, SOs, is a colorless, fibrous, or waxy solid, melting (when 
recent) at 25° C. (77° F.), boiling at 46° C. (115° F.), and vaporizing with heavy white 
fumes in the air at ordinary temperatures. It is very deliquescent, and on contact with 
water combines rapidly, forming sulphuric acid and much heat. 

671. Absolute. sulphuric acid, H^SO^, is a colorless syrupy liquid; boiling 
at 338<> C. (640° F.) At temperatures above about 160° C. (320° F.), it 
vaporizes from open vessels, slightly or abundantly, the vapors being white, 
heavy and suffocating, exciting coughing without giving premonition by odor. 
At ordinary temperatures it is strictly non-volatile and inodorous. 

67^. It is miscible with water in all proportions with production of heat ; 
it abstracts water from the air (use in desiccators) ; and quickly abstracts the 
elements of water from many organic compounds, and leaves their carbon^ 
a characteristic charring effect. It dissolves in alcohol, without decomposing it 
— but if in sufficient proportion producing ethylsulphurio acid, HCgH^SO^. 

673. Sulphuric acid transposes the salts of nearly all other acidsy forming 
sulphates, and, either acids (as hydrochloric acid, 505), or the products of their 
decomposition (as with chloric acid, 520). But salts of mercury, silver, tin, 
and antimony, are with difficulty transposed by sulphuric acid. Also, at tem- 
peratures above about 300° C. (or 600° F.), phosphoric and silicic acids (and 
other acids not volatile at this temperature) transpose sulphates, with vaporiza- 
tion of sulphuric acid (compare 20). 

674. Sulphuric acid dissolves most metals ; though not quite so generally 
efficient for this purpose as hydrochloric or nitric acid. Diluted sulphuric 
acidy when cold, dissolves — with evolution of hydrogen — magnesium, alumi- 
nium, zinc, iron, manganese, and tin ; and when heated, nickel, cobalt, and 
cadmium (a). Coriceiitrated sulphuric acid^ by application of heat, dissolves 
— with evolution of sulphurous anhydride— copper, mercury, silver, bis- 
muth, and tin (b). (Compare 679.) 

a. Fe + HaSO* = PeS04 + 2H 

6. On + 2HaS04 = OuSO* + 2HaO + SOa 

675. The metallic Sulphates are freely soluble in water, except those of 
barium, lead, strontium (very slightly soluble), and calcium (sparingly sol- 
uble). F'or specifications of the solubilities of the sulphates of barium, stron- 
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tiura, and calcium^ see 77 ; of lead, see 312. Silver sulphate requires about 
200 parts of cold or 100 parts of hot water for solution, and mercurous sul- 
phate is even more sparingly soluble. Bismuth, antimonious, and mercuric 
sulphates are soluble in acidulated water, but decomposed by pure water. The 
metallic sulphates are insoluble in alcohol (ammonium sulphate sparingly sol- 
uble in ordinary alcohol, very slightly in absolute alcohol). 

In analysis, barium sulphate is chiefly obtained (676, 703). Alcohol is 
useful for separation of free sulphuric acid from its salts (678). 

Acid sulphates of the alkali bases are formed as crystallizable salts. 
That of potassium, KHSO^, gives oflT sulphuric acid above about 200° 0.(400** 
F.) ; or by greatly diluting its solutions. That of sodium, NaHSO^, is decom- 
posed at a lower temperature, and hardly exists at all in solution. Alcohol, 
added to solutions of the acid sulphates, precipitates the normal sulphates, sul- 
phuric acid remaining in solution : 

2EH8O4 = E3SO4 -f H3SO4 

676. Sulphuric acid, or solutions of sulphates, on addition of solutions of 
barium salts, as BaCl,, or Ba(NO,),, give a white precipitate of barium sul- 
phate, BaSO^ ; insoluble by hydrochloric or nitric acid. This insolubility is 
a di^inction from all acids, except selenic and hydrofluosilicic. The preci- 
pitate, formed in cold solution, is so fine as to be difficult of removal by filtra- 
tion; if formed in hot solution and then boiled, it is retained by a good filter. 
The full completion of the precipitate requires that the mixture should stand 
some time. In strongly acid solutions, a precipitate of BaCl,, etc., may be 
obtained (see 84). A residue of sulphur may appear in this test, applied to 
thiosulphates (699). Solutions of lead salts give a white precipitate of lead 
sulphate^ PbSO^ ; not transposed with acids, soluble in solution of potassium 
hydrate. In solutions not dilute, calcium salts give a white precipitate of 
calcium sulphate, CaSO^. 

677. Alcohol precipitates the sulphates from their moderately concentrated water 
solutions ; and its addition enables calcium chloride to precipitate the sulphate of calcium 
in very dilute solutions. 

The sulphates insoluble in water are decomposed for analysis — (1st) by long boiling 
with solution of alkali carbonate ; and more readily (2d) by fusion with an alkali car- 
bonate. In both cases, there are produced — alkali sulphates soluble in water, and ear- 
^bonates soluble by hydrochloric or nitric acid, after removing the sulphate (a). If the 
fusion be done on charcoal, more or less deoxidation will occur, reducing a part or the 
whole of the sulphate to sulphide (679), and the carbonate to metal (as with lead, 822), or 
leaving the metal as a carbonate or oxide (652). 

a. BaS04 + NaaOOs = NaaSO^ (soluble in water) + BaOOs (soluble in acid). 

678. Free sulphuric acid may be separated from sulphates (except ammonium sul- 
phate) by strong alcohol, solutions being first evaporated nearly to dryness on the water 
bath. — A test for free sidphuric acidf in distinction from sulphates^ may be made^n 
accordance with 672), by the use of cane sugar, as follows ; A litU^ of the liquid to be 
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tested is concentrated on the water-bath; then from two to four drops of it are taken on 
apiece of porcelain, with a small fragment of white sugar, and evaporated to dryness by 
the water-bath. A greenish-JtocA; residue indicates sulphuric acid. (With the same 
treatment, hydrochloric acid gives a brownish-black, and nitric acid, a yellow-brown 
residue.) A strip of white glazed paper, wet with the liquid tested, by immersing it 
several times at short intervals, then dried in the oven at 100° C, will be colored black, 
brown, or reddish, if the liquid contains as much as 0.2 per cent, of sulphuric acid. 

679. Sulphuric acid and its salts are very stable at ordinary temperatures. They do 
not at all act as reducing agents— solution of permanganate not being decolored by sul- 
phuric acid ; but at high temperatures, they are able to act as Oxidizing Agents to some 
extent. (Further, see 819.) In the action of metals on hot concentrated sulphuric acid, 
there are cases of reduction of the sulphuric to sulphurous add, as stated in 674 6 ; and 
in the action of ignited carbon, we have reduction of sulphates to sulphides, in fusion on 
charcoal, as follows : 

NaaSO* + 20 = NaaS + 200a 

680. It will be observed — sulphates fused with sodium carbonate on cha/rcoal, leave a 
mass which contains sulphides, and, when moistened, stains metallic silver (as stated in 
669); but, when fused with sodium carbonate (on porcelain) without reducing agents, 
leave a mass which, when moistened, does not stain m^taMic silver (distinction from sul- 
phides). 

681. By heat alone, the sulphates of the metals of the alkalies and alkaline earths, 
and of lead, are not decomposed. Other sulphates suffer dissociation — some giving off 
sulphuric anhydride ; others, sulphurous anhydride and oxygen : 



2PeSO« 
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+ 


so. 


OuSO, 


= 


OnO 


+ 


so. 


+ 


o 



SULPHUBOUS ACID. 

682. SnlphuroTU anhydride, SOs, is a colorless liquefiable gas, of a powerful, char- 
acteristic, suffocating odor and effect, that of burning sulphur. It bleaches litmus-paper. 
It is not combustible in the air. It dissolves readily in water, doubtless as sulphurous 
acid; the solution saturated at 15* C. (60* F.), containing about 14 per cent, of the sul- 
phur dioxide ; an increase of temperature greatly decreasing its solubility. 

683. Absolute sulphurous acid, HaSOs, is a solid at 0° C. (32° F.), resolved into H3O 
and SO3 at temperatures much above the freezing point; but freely liquefiable with water 
at higher temperatures, as stated in the preceding paragraph. It may be supposed that 
the solution, at ordinary temperatures, is a mixture of water and HaSOs — ^a view resting 
on somewhat stronger support than we have for considering the solution of carbobic 
anhydride to contain HaCOs. 

684. Solution of Sulphurous Acid first reddens litmus, and then 
bleaches it. It decomposes carbonates with effervescence. It has a strong 
odor from vaporization of sulphurous anhydride, which is soon completely ex- 
pelled on boiling. By exposure to air it is gradually oxidized to sulphuric acid, 
from which it is seldom entirely free (691). 

685. The Sulphites of the metals of the* alkalies are freely soluble in 
water ; the normal sulphites of all other metals are insoluble, or but very 
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slightly soluble in water. The siflphites of the metals of the alkaline earths, 
and some others, are soluble in solution of sulphurous acid — the solution being 
precipitated on boiling. The alkali bases form acid sulphites (" bisulphites **), 
which can be obtained in the solid state, but evolve sulphurous anhydride. 
The sulphites are insoluble in alcohol. 

In analysis, sulphites are recognized by the odor of the anhydride, liberated 
by adding an acid (682). Also, by the reducing power (691) and by oxidation 
to sulphate (690). Further as to separation, see 703. 

686. Solution of sulphurous acid (free from sulphuric acid) is but slightly 
precipitated by solutions of salts — owing to the solubility of sulphites in acids. 
See 19. 

Sulphites are decomposed hy all acids ; except carbonic and boracic, and, 
in some instances, hydrosulphuric. 

687. Solutions of metallic sulphites are precipitated hy the soluble salts 
of all metals except those of the alkalies. The precipitates, mostly white, are 
soluble in acetic acid ; also, except those of the first group metals, in hydro- 
chloric acid, and, so far as not oxidized to sulphates, in dilute nitric acid. But 
these precipitated sulphites are almost invariably accompanied hy sulphates 
which are left undissolved hy acids. 

688. Solution of lead acetate precipitates, from solutions of sulphites, 
lead sulphite, PbSO,, white, easily soluble in dilute nitric acid ; and not 
blackening when boiled (distinction from thiosulphate). Solution of silver 
nitrate gives a white precipitate of silver sulphite, Ag^SO,, easily soluble in 
very dilute nitric acid or in excess of alkaline sulphite, and turning dark-brown 
when boiled, by formation of metallic silver and sulphuric acid. Solution of 
mercuric chloride produces no change in the cold ; but on boiling, the white 
mercurous chloride is precipitated, with formation of sulphuric acid. Still fur- 
ther digestion, with sufficient sulphite, reduces the white mercurous chloride to 
gray metallic mercury (equation 362 J). 

689. Solution of ferric chloride gives a red solution of ferric sulphite, 
Pe3(SO,)3 ; or, in more concentrated solutions, a yellowish precipitate of basic 
ferric sulphite, also formed by addition of alcohol to the red solution. The 
red solution is decolored on boiling ; the acid radical reducing the basic radi- 
cal, and forming ferrous sulphate. 

690. Solution of barium chloride gives a white precipitate of harium 
sulphite, BaSO,, easily soluble in dilute hydrochloric acid — distinction from 
sulphate, which is undissolved, and should be filtered out. Now, on adding to 
the filtrate nitrohydrochloric acid, a precipitate of barium sulphate is ob- 
tained — evidence that sulphite has been dissolved by the hydrochloric acid : 

BaSO, + 2H01, = Bad, + HaSO, 

Bad, -I- HaSO, + 1B01 + HaO = BaSO* + 4H01 

691. Sulphurous acid and sulphites are active Beducing Agents, by virtue 
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of their capacity for oxidation to sulphuric acid and sulphates. See Oxida- 
tions, 818. Reduction by sulphurous acid is exemplified in the precipitations, 
given above, with silver and mercury, and with barium. Equations for other 
reductions are given, for ferric salts, 171 h; for chromic acid, 166 c; for 
iodine decoloration, 554 c ; and for iodic acid, 571 a and b, 

692. The reaction with iodic acid is employed as a test for sulphurous 
acid (as well as for iodic). A mixture of iodic acid and starch is turned 
violet to blue by traces of sulphurous acid or sulphites in vapor or in solution ; 
the color being destroyed by excess of the sulphurous acid or the sulphite. .^-, 

693. Notwithstanding this ready capacity for oxidation, sulphurous acid is\ 
capable of furnishing oxygen, though its power in the latter office is narrowly \ 
limited. As an Oxidizing Agent, sulphurous acid changes stannous chloride I 
to stannic sulphide (a) ; reacts with the nascent ^hydrogen furnished by ztir6~^ 
and dilute hydrochloric acid to form water and hydrosulphuric acid {h) ; 
and with zinc alone (without other acid) dissolves the metal as thiosulphate 
without evolution of gas (c), . ^ 

a. H,80* + 8Sn01t + 6H01 = SSnOh + H,S + SHaO 

SnOl4 + 2Ha8 = SnSa + 4H01 ^ 

h. HaSOs + 8Zn + 6H01 = SZnCla + SHaO + HaS 

c. 2Zn -f 3HaSO, = ZnSaO, + ZnSO, + SHaO 

694. Thiosulphates are formed, also in reduction of sulphites, by continued 
boiling with sulphur (a), and in reduction of sulphurous acid with metallio 
super-sulphides in solution {t). Sulphurous acid with hydrosulphuric 
acid, both free, ^produce pentathionic acid (c), likewise a reduction of the sul- 
phurous acid. 

a. NaaSOs + 8 = NaaSaO* 

h. HaSO, + NaaSa = NaaSaO, -h HaS 



e. 



5Ha80s + 6HaS ^ HaSsO. + OHaO + 58 



696. By heat alone, sulphites either split into oxides and sulphurous anhydride (a), 
or into sulphates and sulphides (b). 

a, OaSO. = OaO + SO. 

b. 4NaaSO. = SNaaS04 + NaaS 



7 ( .1.7 ? 
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Reactions or Vaporous Acids, 
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THIOSULPHTTBIC ACID (HYPOSULPHUBOUS ACID). 

697. This acid, HaSaOs, is hardly known in the free state. When its salts, the Me- 
taUio Thiosulphates (or " hyposulphites '*), are decomposed by acids, the constituents of 
thiosulphuric acid are dissociated as sulphurous acid and sulphur. Nearly all acids in 
this way decompose thiosulphates: 

NaaSaO, + 2HC1 = 2Na01 + H,SO, + 8 

The larger number of the thiosulphates (or hyposulphites) are soluble in water; those 
of barium, lead, and silver, being only very sparingly soluble. The thiosulphates are in- 
soluble in alcohol. They are decomposed, but not fully dissolved, by acids, the decom- 
position leaving a residue of sulphur. 

In janalysis, thiosulphates are distinguished by giving a precipitate of sulphur with 
evolution of sulphurous anhydride when their solutions are treated with hydrochloric acid 
(700) ; by their intense reducing power (701), shown in the blackening of the silver preci- 
pitate (699) ; and by non-precipitation of calcium salts. 

698. Alkali thiosulphate solutions dissolve the thiosulphates of lead, silver, and mer- 
cury ; also, the chloride, bromide, and iodide of silver, and mercurous chloride ; the iodide 
and sulphate of lead; the sulphate of calcium, and some other precipitates — ^by formation 
of soluble doMe fhioavlphcUes : 





AgaSaO, 


+ 


NaaSaO, 


= 


2NaAgSaO, 




Or: 


AgaSaOs 


+ 


2NaaSaOs 


=■ 


Na4Ag,(SaO,), 






AgOI 


+ 


NaaSaO, 


= 


NaAgSaO, + 


NaOl 




PbS04 


+ 


SNaaSaO, 


= 


Na4Pb(SaO,), + 


NaaS04 



699. Barium chloride forms, in solutions of thiosulphates, a white pre- 
cipitate of barium thiosulphate, BaSp,, nearly insoluble in water; dissolving 
in acids, except the sulphur residue. — Calcium chloride forms no precipitate 
(distinction from sulphite). — Solutions of silver nitrate (339), lead acetate, 
and mercurous nitrate, form at first white precipitates of thiosulphates, solu- 
ble in excess of alkali thiosulphates, as stated in the preceding paragraph. 
These white precipitates, by standing, or quickly by warming, turn darker and 
finally Hack, iy forrtiation of sulphides, with sulphuric acid. 



Aff,S,0, 


+ 


H,0 


= 


Ag,S 


+ 


H,SO« 


FbS,0, 


+ 


H,0 


=. 


FbS 


+ 


H,S04 



Solution of copper salts, with thiosulphates, on long standing, precipitate 
cuprous salt, changed by boiling to sulphide and sulphuric acid, as above. 
For the precipitation of sulphides of arsenic, antimony, and, in the cold, tin, 
see 462. 

700. The precipitation of sulphur with evolution of sulphurous anhy- 
dride, by addition of dilute acids— as hydrochloric or acetic — is char- 
acteristic of thiosulphates. It will be understood, however, that in pres- 
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ence of oxidizing agents, which can be brought into action by the acid, sul- 
phides will likewise give a precipitate of sulphur (666). 

701 Thiosulphates are Beducing Agents — even stronger and more active 
than the sulphites (691), to which they are so easily converted. This reduc- 
ing power — or capacity for taking metalloids or acid radicals into combination 
— is exemplified by the conversion of ferric salts into ferrous salts (171 c), 
and by the bleaching of iodine solutions (554 h), both of which changes are 
so sharply defined that they are useful in volumetric analysis. 

If the ferric solution be made red by addition of a few drops of sulphocyanate, the 
exact point of complete reduction is made obvious: while the inevitable color of free 
iodine is nearly sufficient to mark the point when loss of color shows that all the iodine 
has entered into combination, but the addition of starch-paste renders the indication more 
exact. In both these reactions, the oxidation of the thiosulphate changes it into a tetror 
thionate, as Na9S40e, or, in simpler terms, NaSaOs. Thus: 

CI + NftaSaO, = NaCl + NaSaO, 

In other changes, sulphuric acid is formed. By greater or less degrees of oxidation, 
thiosulphates reduce chromic acid to chromic salts; permanganic acid, first to manga- 
nates (green), then to manganic salts ; bromic and iodic acids first to \)romine and iodine, 
and then, respectively, to hydrobromic and hydriodic acids ; nitric acid to nitrogen 
oxides ; and arsenic acid to arsenious compounds, 

702. On ignition, or by heat short of ignition, all thiosulphates are decomposed. 
Those of the alkali metals leave sulphates and polysulphides (a), others yield sulphurous 
acid with sulphides, or sulphates, or both. The capacity of thiosulphates for rapid oxi- 
dation, renders their mixture with chlorates, nitrates, etc., explosive, in the dry way. 
Chlorates with hyposulphites, explode violently in the mortar (518). Cyanides and 
ferricyanides, fused with thiosulphates, form sulphocyanates, which may be dissolved by 
alcohol from other products. 

a. 4Na9S90s = NaaS^ + SNaaSOi 



703. THE SEPARATION of the acids of sulphur from each other, in 
most instances, is effected without difficulty. 

The insolubility of the barium precipitate in hydrochloric acid distinguishes 
and separates sulphates from sulphites and thiosulphates ; the chlorine treat- 
ment (690), precipitating both the latter in the filtrate. The non-precipitation 
of thiosulphates by calcic chloride (699), distinguishes and separates them 
from sulphites ; also, the precipitation of sulphur by hydrochloric acid (697) 
is a distinction. 

Precipitation by excess of silver nitrate approximately separates sulphites 
and thiosulphates from sulphates ; the solution of thiosulphate is distinguished 
by its redissolving the precipitate made by the first drop of silver nitrate solu- 
tion (699), and by the subsequent blackening of the precipitate. 

All componnds of sulphur, after fdsion with sodium carbonate on charcoal, 
give the black stain on silver, 669, But of these compounds, onlv the sul- 



compounds, onlv tr 
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pJiatesfail to give the black stain after the fusion on porcelain in absence of a 
reducing agent, 680. 

The test for hydrosulphuric acid by the vapor evolved under action of a 
stronger acid, cannot be relied upon in presence of sulphites or thiosulphates 
(694). But the immediately black precipitate with silver salt; the non-pre- 
cipitation of alkaline earth metals, and the precipitation of sulphur by chlorine 
distinguish sulphides and thiosulphates. 



704. PHOSPHORUS is an easily fusible and volatile solid, having a characteristic 
and disagreeable odor. It exists in different physical states or allotropic modifications, 
but it is invariably more or less rapidly oxidized in the air, though it does not decom- 
pose water. White phosphorus is lupiinous in the dark, and takes fire at a little above 
its melting point, 44* C. (111° F.); red phosphorus takes fire at 260° C. (500° F.) The 
product is chiefly phosphoric anhydride, but some phosphorous anhydride is formed. 

705. When phosphorus is digested iu warm solution of hydrate of potassium or so- 
dium or in a mixture of lime and water, three-fourths of the phosphorus dissolves as hypo- 
phosphite (KHaPOa), and one-fourth vaporizes as phosphorous hydride, PHs, each bubble 
of which takes fire asi it enters the air. Thus : * 

SNaOH + 4P -f 8H2O = SNaHaPO, + PH, 

30a(0H> H- 8P -f 6H2O = 3CaH4(POa)3 + 2PH8 

Phosphorus is oxidized to orthophosphoric acid, slowly but completely, by digestion 
with nitric acid, chlorine, or bromine, with water. In this manner the unoxidized phos- 
phorus of iron ores, cast iron, and of organic bodies, is determined ; and this is one 
method of preparing pharmacopoeial diluted phosphoric acid. Phosphorus acts vigor- 
ously as a reducing agent, but in most conditions with less power than the metals of the 
allialies and alkaline earths. Vapor of phosphorus blackens solution of silver nitrate: 
a delicate test made by digesting the material at 30° to 40° C, the vessel being covered 
with paper wet with the reagent. The blackened paper is tested for phosphoric acid. 

Phosphorus stands between nitrogen and arsenic, in the relations of the Nitrogen 
Series, 584. 

The most important Acids of Phosphorus are : 

Phosphoric acid, orthophosphoric, H8PVO4, corresponding to SHaO.PsOs. 

pyrophosphoric, H4P3O7, " 2HaO.P90». 

metaphosphoric, HPOs, ** HaO-PaOa. 

Hypophosphorous acid, HsP'Oa, •' SHaO.PaO. 



PHOSPHORIC ACID. 

*>06. Phosphoric anhydride, PaOe, is a white, amorphous solid, fusible at a high tem- 
perature, and slowly volatile at a white heat without decomposition. It is deliquescent, 
combining with water with excessive avidity, and forming metaphosphoric acid, mono- 
hasic. The latter is not dehydrated by heat alone. 
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707. Orthophosphorio acid, H8PO4, is a translucent, feebly crystallizable, and Tery 
deliquescent soft solid ; reduced by heat first to pyrophosphoric acid, then to metaphos- 
phoric acid, which is nearly non-volatile. 

Orthophosphorie acid is formed from phosphorus by oxidation in Water, as stated in 
705 ; and from metaphosphoric acid or pyrophosphoric acid by digesting with dilute mine- 
ral acids, or even by long boiling in water, or, as sodiurti salt, by fusion with excess of 
sodium carbonate. 

Phosphoric acid is formed from metallic phosphates by transposition with acids in 
cases where a precipitate results, as a lead or barium phosphate with sulphuric acid, or 
silver phosphate with hydrochloric acid — 19 (2). But when the products are all soluble, 
as calcium phosphate with acetic acid or sodium phosphate with sulphuric acid, the trans- 
position is only partial ; so that unmixed phosphoric acid is not obtained. Anon-vola- 
tile acid like phosphoric, is not separated from liquid mixtures, as the volatile acids are, 
like hydrochloric. The change represented by equation (a) can be so verified that pure 
phosphoric acid will be separated, but the changes shown in equations (6) and (c) do not 
comprise the whole of the material taken. In the operation (&), some sodium phosphate 
and some nitric acid will be left, and in {c) some trihydrogen phosphate will no doubt be 
made. 

a, OaH4(P04)a + HaCaOi = OaOa04 + 2H8PO4 

h. Na3HP04 + SHNOa = 2NaN08 + H3PO4 

And NaaHP04 + HNO. = NaNO. -f NaH3F04 

c, 2CaHP04 + 2H01 = OaOla + OaH4(P04)a 

7j08. The Orthophosphates, dimetalUc and trimetallic, are insoluble in 
water — except those of the metals of the ordinary alkalies. They are all, how- 
ever, more or less soluble in aqueous phosphoric acid by formation of mono- 
metallic salts, as CaH^(PO^)3, having an acid reaction. Lithium phosphate is 
nearly insoluble in water. Phosphates are insoluble in alcohol. 

In analysis, the molybdate precipitate ("^14) is most distinctive. Separa- 
tion by the ferric phosphate precipitate in presence of acetic acid (247) is em- 
ployed. Separation from oxalate, as calcium precipitate, by acetic acid, is 
used in systematic qualitotive work (710 and 801). Ignition test : see 717. 

709. Soluble salts of all metals, except those of the alkalies, precipi- 
tate solutions of ordinary phosphates (di metallic and trimetallic orthophos- 
phates). 

710. Soluble salts of the alkaline earth metals, with dimetallio alkali 
phosphates, as Wa^HPO^, form white precipitates of phosphates^ two-thirds 
metallic, as CaHPO^ ; with trimetallic alkali phosphates, white precipitates 
of phosphates, normal or full metallic, as Ca,(POj3. The precipitates are 
soluble in acetic acid, and in the stronger acids (707 c). Concerning the am- 
monium magnesium phosphate, see 117. 

711. Solutions of orthophosphates give, with soluble ferric, chromic, and 
aluminium salts, mostly the normal phosphates, TQ^i^O^^, etc. The ferric 
phosphate is but slightly soluble in acetic acid, and for this reason it is made 
the means of separating phosphoric acid from metals of the earths and alkaline 
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earths (247), Solution of sodium or potassium acetate is added ; and if the 
reaction is not markedly acid, it is made so by addition of Acetic Acid. Ferric 
chloride (if not present) is now added, drop by drop, avoiding an excess. The 
^recipitsite, ferric phosphatey is brownish-white. 

With zinc and manganous salts, the precipitate is dimetallic or normal — 
ZnHPO^, or Zn3(PO^)3— according to the conditions of precipitation. Man- 
ganic salts give a colored solution, as explained in 214. With salts of nickel, 
a light green normal phosphate is formed ; with cobalt, a reddish normal phos- 
phate. 

712. Silver salts precipitate normal silver phosphate, Ag,PO^, light yellow, 
soluble in acetic and nitric acids and in ammonium hydrate. The color of the 
silver precipitate distinguishes ortho- from pyro-phosphoric acid. Lead salts 
precipitate mostly Pb3(POj2, but slightly soluble in acetic acid. Bismuth 
salts form BiPO^, peculiar in being insoluble in dilute nitric acid. Copper 
forms a bliiish-white precipitate, either normal or two-thirds metallic. Mer- 
curous salts precipitate mercurous phosphate, Hgg(POj3, white. Mercuric 
nitrate (not the chloride) precipitates mercuric phosphate, Hg,(PO^)3, white. 

713. If a disodium or dipotassium orthophosphate is added to solution of silver nitrate, 
free acid is formed, and an acid reaction to test-paper is induced (a). But with a triso- 
dium or tripotassium phosphate, the solution remains neutral (6) — a means of disiinguish- 
ing the cbcid phosphates from the normal, 

a. SNa^HPO* + CAgNOs = 2AgsP04 + H3PO4 + GNaNOa 
h, Na3P04 + SAgNOa = AgaPO* + SNaNOa 

714. Ammoniiun Molybdate, in its nitric acid solution (494), furnishes 
an exceedingly delicate test for phosphoric acid, giving the pale yellow precipi- 
tate, termed ammonium phosphomolyldate. The molybdate should be in 
excess, therefore it is better to add a little of the solution tested (which must 
be neutral or acid) to the reagent, taking a half to one cub. cent, of the latter 
in a test-tube. For the full delicacy of the test, it should be set aside, at 30^ ' 
to 40° C, for several hours. 

715. Free orthophosphoric acid is not precipitated by ordinary salts of 
third and fourth group metals (in instance of ferric chloride, a distinction from 
pyrophosphoric acid and metaphosphoric acid),* but is precipitated in part by 



* A solution containing 5 p. c. ferric chloride, mixed with one-fourth its volume of a 10 p. c. solution- 
0^ OTthopfvoephoric acid, requires that near half of the latter be neutralized (so that phosphate is to phos- 
phoric acid as 1.114 is to 1.000) before precipitation occurs. On the other hand 4 c. c. of a 5 p. c. solu- 
tion of ferric chloride, mixed with 1 c. c. of a 6 p c. solution of metapJvosphoric acid, form a precipitate, to 
dissolve which 20 c. c. of the same metaphosphoric acid solution or 5 c. c. of a 24 p. c. solution of hydro- 
chloric acid are required. Four c. c. of a 5 p. c. solution of silver nitrate with 1 c. c. of a 10 p. c. solution 
0^ wthophosphoric acid give a precipitate, to dissolve which requires 7 c. c. of the same orrhophosphoric 
acid solution. [The Author's report of work by Mr. Morgan, Am. Jour. Phar., xlviii. (187C), 534] 
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silver nitrat e, and lead nitrate and acetate. Ammoniacal solution of cal- 
eiunr^Io^de or of barium chloride precipitates free orthophosphoric acid. 

716. Orthophosphoric acid — or an orthophosphate with acetic acid — does 
not coagulate ^gg albumen or gelatine. This is a distinction of both ortho- 
phosphoric acid and pyrophosphoric acidyVom metapJiosphoric acid, 

717. Ignition with metallic magnesium (or sodium) reduces phosphorus from phos- 
phates to magnesium phosphide, recognized by odor of PHs, fonned on contact of the 
phosphide with water. A bit of magnesium wire (or of sodium) is covered with the pre- 
viously ignited and powdered substance in a glass tube of the thickness of a straw, and 
heated. If any combination of phosphoric acid is present, vivid incandescence will occur, 
and a black mass will be left. The latter, crushed and wet with water, gives the odor of 
phosphorous hydride. 

718. PYROPHOSPHATES are precipitated from their solutions by 
silver nitrate, as silver pyrophosphate, Ag^P,0„ whitCy soluble in ammonium 
hydrate and in nitric acid. 

The pyrophosphates of the alkaline earth metals are difficultly soluble in 
acetic add. The most of the pyrophosphates of the heavy metals, except 
silver, are soluble in solutions of alkali ^yrophos^ph&tesy Sis double pyrophos- 
phates soluble in water (distinctions from orthophosphates). 

Ammonium molybdate reacts but slowly with pyrophosphate solutions — 
and not until orthophosphate is formed by digestion with the nitric acid of 
the reagent solution. 

Magnesium salts with ammonium hydrate give a precipitate of double 
pyrophosphate, soluble in alkali pyrophosphate solution. 

Free pyrophosphorfc acid gives precipitates with solutions of silver nitrate, 
lead nitrate or acetate, and ferric chloride ; no precipitates with barium or 
calcium chloride, or with magnesium or ferrous sulphate. (Further, see 715.) 

719. METAPHOSPHATES are especially distinguished, by the means 
mentioned in 715 and 716. Also, they are not precipitated by solutions of 
magnesium salts w^ith ammonium hydrate, unless very concentrated, or by the 
molybdate solution. The silver precipitate, AgPOj, white, is soluble in alkali 
metaphosphate solutions, distinction from pyrophosphates. 

Free metaphosphoric acid precipitates solutions of silver nitrate, lead 
nitrate, and lead acetate, the precipitates being insoluble in excess of metaphos- 
phoric acid, and soluble in moderately dilute nitric acid. Barium, calcium, 
and ferrous chlorides, and magnesium, aluminium and ferrous sulphates, are not 
precipitated by free metaphosphoric acid. Ferric chloride is precipitated, a 
distinction from orthophosphoric acid. See 715. 

There are various polymeric modifications of metaphosphoric acid, distinguished from 
each other chiefly by physical differences of the acids and their salts. Pure metaphos- 
phoric acid is a white, viscid, or waxy solid. (Ordinary glacial phosphoric acid owes its 
hardness to the universal presence of sodium metaphosphate.) 
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Fusion with excess of sodium carbonate conyerts both metaphosphates and pyrophos- 
phates to normal orthophosphate. 



720. Reactioiui of Sulphnxio, PhoBphoxio, and Ozalio Adds. 



As Acids. 


H,S04. 

Precipitates the same as me- 
tallic sulphates. 

Chars organic matter (672). 


H>P04 

Vaporizes slowly when ig- 
nited. 

Does not precipitate salts 
of the stronger acids 

Not caustic. 


H,Ca04 

Vaporizes with decomposi- 
tion at about 330« F. 

Precipitates chlorides, ni- 
irateSj and sulphates, 
only partly or not at all. 
Precipitates acetates, 19. 

Not caustic, but poisonous. 


As Metallic Salts: 

(Compare 80.) 

Precipitations most 
used in analysis : 

Precipitates : 

Fused withNaaCOs 
on charcoal : 

B>SO. concentrated 


Precipitate Pb, Ba, Sr, 
and Ca, (676). 

BaB04 
PbS04 

Not dissolved by acids. 

First Na3S04. then NagS 
(680). 


Phosphates. 

(706). 

lCffNH4P04 (117). 
Fea(P04), (711). 
OaHP04 or Oas(P04)s* 

Dissolved by acetic acid, 
except Pe, etc. (247). 

(Na8P04). 


Oxalates. 

Precipitate most non-oMli 
salts (656). 

CaC304 (IW). 
A8raO,04(658c). 

Transposed by hydro- 
chloric, not by acetic 
acid (665). 

Carbonates. 
Effervescence of CO3+OO 


witli heat : 






(653). 


SUTnOf 






Reduced. 


K,0raOT + HaSO4 






Reduced. 
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HYPOPHOSPHOBOUS ACID. 

721. Absolute hypophosphorous acid, HsPOa, is a colorless, viscid liquid ; miscible 
with water, and gradually oxidizing in the air to phosphoric and phosphorous acids. It 
reduces silver and mercury from their salts. It is reduced by hydrogen, as generated by 
zinc and sulphuric acid, to phosphorous hydride, PHs. 

722. Hypophosphites are prepared according to 705. They are transposed by most 
of the ordinary acids, but if nitric acid be employed, oxidized products of hypophosphor- 
ous acid are obtained. Even sulphuric acid oxidizes hypophosphorous acid to some 
extent. 

723. The hypophosphites are all soluble in water. Alcohol dissolves the 
hypophosphites of the alkali metals, not those of the alkaline earth metals. 

For identification, the ignition test (725), is among the most characteristic. 

724. Although hypophosphites are not precipi table by transposition, they 
cause numerous precipitates by Beduction, eagerly taking oxygen (or other 
electro-negatives in presence of water) to form phosphates. Mercuric chloride 
gives first a white precipitate ofmercurous chloride, then a gray one of mer- 
cury. Silver nitrate gives a brown-black precipitate of silver, white before 
complete reduction. The reactions of hypophosphites as reducing agents are 
given in 81<5. With copper salts, the reduction of metallic copper is effected 
by boiling in strong solution of potassium or sodium hydrate, phosphite being 
first and chiefly formed, so that this is a distinction of hypophosphites from 
phosphites. By boiling in a concentrated solution of potassitiin hydrate, 
hypophosphites decompose water, liberaXing hydrogen and forming phosphates, 
in this test, a piece of solid potassium hydrate is added. With solution of 
barium hydrate, the formation of free hydrogen proceeds slowly, and some 
phosphite is produced. The reaction of zinc and dilute sulphuric acid 
(721), giving phosphorous hydride in Marsh's apparatus, is characteristic for 
hypophosphites and phosphites. Hypophosphites are distinguished from 
phosphites — by giving no precipitates in solutions of baric or calcic salts (non- 
alkali phosphites being mostly insoluble in water), also by reducing copper in 
a boiling solution of cupric sulphate. 

725.. On ignition, hypophosphites decompose with explosive deflagration 
of phosphorous hydride, and formation of pyrophosphates : 

2CaH4(PO,), = Ca^PaOT + H,0 + 2PH, 



BOBIC OB BOBACIC ACID. 

726. BORON is an infusible, non-volatile solid, existing in different allotropic con- 
ditions. Amorphous bol:on takes fire at about 800* C, and burns in the air to hamcic 
cmhydrlde, B'^aOs, the only known oxide of boron. Boron is not obtained in the ele- 
mental state by ordinary analytical operations. 

727. Boric anhydride, BsOa, forms several acids, that obtained in crystals being 
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trihydric, HsBOs, known as orthoboric acid. At 100* C, this is converted to metaboric 
acid, HBOa. Ignition of the acid leaves the vitreous anhydride. Numerous polymeric 
metaborates are known. Both anhydride and acid are soluble in water and iu alcohol. 
These solutions redden litmus, and turn turmeric paper brownish-red — this color becom- 
ing intense when the paper is dried. 

728. The Borates of the metals of the alkalies are soluble in water; 
those of the other metals are insoluble in water, but in general are made solu- 
ble by free boric acid. They are all nearly or quite insoluble in alcohol. 
Borates are identified especially by the green color they impart to flames 
(730, 733). 

729. Silver, nitrate forms, in solutions of acid borates, a white precipitate 
of silver borate, AgBO,,' but normal borates form in part silver oxide, brown. 
Lead acetate gives a white precipitate of lead borate, Pb(B03)3 ; calcium 
chloride^ in solutions not very dilute, a white precipitate of calcium borate ; 
and barium chloride, in solutions not dilute, a white precipitate of barium 
borate, Ba(BOj),. With aluminium salts, the precipitate is aluminium 
hydrate. 

730. Borates are transposed with formation of boracic acid, by all ordinary 
acids — in some conditions even by carbonic acid; the transposition being 
partial when soluble products result, as with phosphoric acid, 707. 

The liberated boracic acid is dissolved by alcohol, and if the alcohol solu- 
tion be set on fire, it burns with a oree7i flame. 

731. A solution of a borate, acidulated with hydrochloric acid to a barely 
perceptible acid reaction, imparts to a slip of turmeric paper half wet with it, 
a dark-red color, which on drying intensifies to a characteristic red color. 

732. The reaction given in 748 may be employed as a test, in the dry 
way, for boron — taking calcium fluoride as a reagent. 

Borates fused in the inner blow-pipe flayne with potassium acid sulphate 
give the green color to the outer flame. 

U a crystal of boric acid, or a solid residue of borate previously treated 
with sulphuric acid, on a porcelain surface, is played upon by the flame of 
Bunsen's Burner, the green flame of boron is obtained. 

733. If a powdered borate (previously calcined), is moistened with sul- 
phuric acid and heated on platinum wire to expel the acid, then moistened with 
glycerine and burned ; the green flame appears with great distinctness.* 

The glycerine is only ignited, then allowed to burn by itself. Barium does 
not interfere (being held as sulphate, non-volatile) ; copper should be pre- 
viously removed in the wet way. Tlie glycerine flame gives the spectrum. 
But in all flame tests, boric acid must be liberated. 

734. Borates (fused on platinum wire with sodium carbonate) give a char- 
acteristic spectrum of four lines, equidistant from each other, and extending 
from Ba y in the green to Sr d in the blue. 

* M. W. Ilbs, American Chemist (1876), p. 861. 
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SILICIC ACID. 

735. Silicon is a solid, existing in different allotropie states ; difficultly 
fusible, and more or less easily oxidizable by the air at high temperatures, or 
by oxidizing solvents, to silicic anhydride or acid. The latter is not deoxi- 
dized by any ordinary blow-pipe operations. 

736. Silicic Anhydride, or silica, Si"''Oj,, is a stable, non-volatile, infusi- 
ble solid ; insoluble in water or acids, soluble in fixed alkali hydrate solutions, 
by formation of silicates. These are formed as normal salts, quadribasic; 
metasalts, dibasic ; and in many other proportions of base and acid. 

SiO, + 4EOH = K4Si04 + SH^O 

737. Of the Silicates, only those of potassium and sodium are soluble in 
water. The solutions of alkali silicates somewhat resemble, in the nature of 
their union, the alkaline solutions of zinc, aluminium, and lead. These silicates 
in solution are decomposed by all acids, including carbonic, with separation 
of silicic acid, H^SiO^, gelatinous. Silicic acid is soluble, silicic anhydride 
insoluble, in the mineral acids. Some of the insoluble silicates are also dis- 
solved by sulphuric and by hydrochloric acid, with separation of gelatinous 
silicic acid. Other silicates are dissolved by these acids, when heated in closed 
tubes at about 200° C. Soluble silicates precipitate, from salts of non-alkali 
metals, silicates insoluble in water, but mostly soluble in acids. 

Silicates are determined, qualitatively or quantitatively, by the separation 
pf the anhydride, 738. 

738. Silicic acid is obtained as H^SiOj, H^SiO^, and other hydrates of 
SiO,. It is decomposed by evaporation to dryness, with a residue of silica, 
insoluble in acids. — Hence, when an alkali silicate is acidulated (with hydro- 
chloric or nitric acid), and evaporated strictly to dryness on the water- bath, 
and again treated with water and the same acid, the silica is lefl behind insolu- 
ble. This behavior is characteristic for silicic acid, and serves for its separa- 
tion as well as detection. 

The formation of the alkali silicate, from silica or an insoluble eilicate, as 
the first step in this operation, is generally obtained in the dry way, by fusion, 
with three or four parts of mixed carbonates of sodium and potassium in a 
porcelain crucible. (These carbonates, mixed in about molecular proportions, 
fuse at a much lower temperature than either alone.) — Also, the soluble sili- 
cates may be formed by boiling with solution of potassium hydrate or sodium 
hydrate, as stated in 736 ; the operation being performed in a silver or plati- 
num vessel. Silica dissolves, with more or less readiness, in boiling solution 
of potassium or sodium carbonate. 

Silica is not soluble in ammoniiun hydrate, and the salts of ammonium 
separate gelatinous silica from solutions of potassium or sodium silicate. 
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Therefore, in operating with these solutions, silica is precipitated with the 
bases of the third group : 

K4Si04 + 4NH4CI + 4H,0 = H4Si04 + 4K01 + 4NH4OH 

739. In the fused bead of microcosmic salt, particles of silica swim undis- 
solved, if a silicate be taken, its base will, in most cases, be dissolved out, 
leaving a " skeleton of silica " undissolved in the liquid bead. — But with a 
bead of sodium carbonate, silica (and most silicates) fuse to a clear glass of 
silicate. 

For the reactions of silica with fluorides, see 741. 

740. Silica is separated from the fixed alkalies in natural silicates, by mixing the 
latter in fine powder with three parts of precipitated calcium carbonate, and one-half part 
of ammonium chloride, and heating in a platinum crucible to redness for half an hour, 
avoiding too high a heat. On digesting in hot water, the solution contains all the alkali 
metals, as chlorides, with calcium chloride and hydrate. [J, Lawrence Smith.] 



741. FLUORIN£9, in several characteristics, appears as the first member of the 
Chlorine Series of Elements (500). It cannot be preserved in the elemental state, as 
it combines with the materials of vessels (except fiuor-spar), and instantly decomposes 
water, forming hydrofluoric acid^ HF, an acid prepared by acting on calcium fluoride 
with sulphuric acid (a). Fluorine also combines with silicon as SiP4, silicon flitoride, 
a gaseous compound, prepared by acting on calcium fluoride and silicic anhydride with 
sulphuric acid (b). On passing silicon fluoride into water, a part of it is transposed 
with the water, forming silicic acid and hydrofluoric acid (c) ; but this hydrofluoric acid 
does not at all remain free, but combines with the other part of the fluoride of silicon, as 
hydrofluoailicie add, (HF)aSiP4, or HaSiF« (d). This acid is used as a reagent; form- 
ing metallic silico-fluorides, soluble and insoluble (749). 

+ HaSO* = OaS04 + 2HF 

+ SiOa + 2HaS04 = 20aS04 + 3HaO + SiP4 

+ 2HaO = SiOa + 4HF (not remaining free). 

2HP + SiPi = HaSiPo 

+ 2HaO = SiOa + 2HaSiF« 



HYDROPLUORIC ACID. 

742. A colorless, intensely corrosive gas, soluble in water to a liquid that reddens 
litmus, rapidly corrodes glass, porcelain, and the metals, except platinum and gold (lead 
but slightly). Both the solution and its vapor act on the flesh as an insidious and viru- 
lent caustic, giving little warning, and causing obstinate ulcers. 

743. The Fluorides of the alkali metals are freely soluble in water, the solutions 
alkaline to litmus and slightly corrosive to glass; the fluorides of the alkaline earth metals 
are insoluble in water; of copper, lead, zinc, and ferricum, sparingly soluble; of silver 
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and mercury readily soluble. Fluorides are identified by the action of the acid upon 
glass (745). 

744. Oalcium chloride solution forms, in solution of fluorides or of hydrofluoric acid, 
a gelatinous and transparent precipitate of calcium fiuoride, CaFa, slightly soluble in 
cold hydrochloric or nitric acid and in ammonium chloride solution. Barium chloride 
precipitates, from free hydrofluoric acid less perfectly than from ^uorides, the voluminous, 
white, hariwn fluoridey BaFa. Silver nitrate gives no precipitate. 

745. Sulphuric acid transposes with fluorides, forming hydrofluoric acid, HP, (741 
a). The gas is distinguished from other substances by etching ha/rd glass — previously 
prepared by coating imperviously with (melted) wax, and writing through the coat. The 
operation may be conducted in a small leaden tray, or cup formed of sheet lead : the pul- 
verized fluoride being mixed with sulphuric acid to the consistence of paste. 

746. If the fluoride be mixed with silicic acid, we have, instead of hydrofluoric acid, 
silicon fluoride, SiF* (741 h) ; a gas which does not attack glass, but when passed into 
water produces hydrofluosilicic acid, HaSiF« (741 c, d) (749).* 

747. Also, heated with acid sulphate of potassium, in the dry way, fluorides disen- 
gage hydrofluoric acid. If this operation be performed in a small test-tube, the surface 
of the glass above the material is corroded and roughened : 

OaFa + 2KHS04 = OaSO* + KaSO* + 2HP 

748. By heating a mixture of borax, acid sulphate of potassium, and a fluoride, fused 
to a bead on the loop of platinum wire, in the clear flame of the Bunsen gas-lamp, an 
evanescent yellotvish-green color is imparted to the flame. 

749. ErrDROFLUOSIIiICIO AOID, (HF)3SiF4, or HaSiFe, prepared as du-ected 
in the note to 746, forms metallic silicofluorideSy mostly soluble in water; those of barium, 
sodium, and potassium, being only slightly soluble in water, and made quite insoluble by 
addition of alcohol (compare 92). The silicofluorides are precipitated translucent and 
gelatinous. With concentrated sulphuric acid, they disengage hydrofluoric acid, HP. 
By heat, they are resolved into fluorides and silicon fluoride : as, BaFa + SiF^. 



ACETIC ACID. 

750. Absolute acetic acid, 'n.{C^'Rfi^)y is a transparent solid, melting at 
about 16° C. (6P F.), boiling at 119° C. (246° F.) It vaporizes gradually 
from its water solutions at ordinary temperatures ; more rapidly as they are 
stronger, the vapor having the characteristic odor of vinegar. 

751. The salts of acetic acid — the metallic Acetates — are all soluble in 
water ; argentic and mercurous acetates but sparingly soluble. Most of the 



* Hydrofluosilicic acid is directed to be prepared by taking one part each of fine sand and fiaely-pow- 
dered flnor-spar, with eix to eight parts of concentrated sulphuric acid, in a small stoneware bottle or a glass 
flask, provided" with a wide deliverj'-tube, dipping into a little mercury in a small porcelain capsule, which is 
set in a large beaker, containing six or eight parts of water. The stoneware bottle or flask is set in a small 
sand-bath, with the sand piled about it, as high as the material, and gently heated from a lamp. Each 
bubble of gas decomposes with deposition of gelatinous silicic hydrate. When the water is filled with this 
deposit, it may be separated by ptrninino: through cloth and again treating with the gas for greater concen- 
tration. The strained liquid is finally fllicred and preserved for use. /^^ ^-^ ^-^ /-^ T ^ 
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acetates, except mercurous and silver acetates, dissolve in alcohol. They have 
a slight odor of the acid. For identification, the odor of the acid, and of its 
ether ('754), and the color of the ferric solution (753), are employed. Ignition- 
tests, 756. 

752. The stronger mineral acids transpose with acetates, forming acetic 
acid. Solid acetates, with concentrated sulphuric acid, evolve strong acetous 
vapor ; but if the heat is somewhat increased, the mixture blackens from sepa- 
ration of carbon (672), and at higher temperatures sulphurous and carbonic 
anhydrides are evolved. 

753. Solution of ferric chloride forms, with solutions of acetates, a red 
solution containing /(^rnc acetate, Fe,(C,H,Ojg, which on boiling precipitates 
brownish-red, basic ferric acetate. The red solution is not decolored by 
solution of mercuric chloride (distinction from sulphocyanate) ; but is decolored 
by strong acidulation with sulphuric acid or hydrochloric acid (distinction from 
sulphocyanate and from meconate). The ferric acetate is precipitated by alkali 
hydrates. 

754. If acetic acid or an acetate is warmed with sulphuric acid and a 
little alcohol, the characteristic pungent and fragrant odor of ethyl acetate 
or acetic ether is obtained : 

HCOaHsOa) + OaHftOH = HaO + OaHfiCOaHsOa) 

755. Acetic acid does not act as a Eeducing Agent as readily as do most 
of the organic carbon compounds. It reduces permanganates and chromates 
but slowly, even in boiling solution ; reduces auric chloride only in alkaline 
solution, and does not reduce alkaline copper solution. It takes chlorine into 
combination — slowly in ordinary light, quickly in sunlight, forming chloracetic 
acids. 

756. By ignition alone, acetates blacken, with evolution of vapor of acetone^ 
C,H,0, inflammable and of an agreeable odor. Qy prolonged ignition of ace- 
tates in the air, carbonates are obtained free from charcoal. — By ignition with 
alkali hydrates in dry mixture, marsh-gas, CH^, is evolved. — By ignition with 
alkalies and arsenious anhydride, the offensive vapor of cacodyl- oxide is 
obtained (383). 

TABTABIC ACID. 

757. Tartaric acid, H^C^H^O^, is a colorless, cry stall izable, non-volatile 
solid, freely soluble in water, and in alcohol. It may be separated from bases 
by adding sulphuric acid and alcohol. 

The Tartrates of the alkali bases are soluble in water ; the normal tar- 
trates being freely soluble, the acid tartrates of potassium and ammonium 
sparingly soluble (41 and 61). The tartrates of the alkaline earth bases and 
of the non-alkali bases, are insoluble or sparingly soluble, but mostly dissolve 
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in solution of tartaric acid. Most of the tartrates are insoluble in alcohol. 
There are double tartrates of heavy metals with alkali metals, which dissolve 
in water. 

Hydrochloric, nitric, and sulphuric acids transpose the tartrates (whether 
forming solutions or not). Most of the tartrates are also dissolved (and, if al- 
ready dissolved, are not precipitated) by the alkali hydrates, owing to the 
formation of soluble double tartrates (133). 

The potassium acid tartrate, precipitated with help of alcohol, and the sil- 
ver reduction, are of greatest analytical interest. 

758. Solution of calcixun hydrate, added to alkaline reaction, precipitates 
from cold solution of tartaric acid, or of soluble tartrates, calcium tartratBy 
white, Ca(C^H^Oj. Solution of calcium chloride with neutral tartrates, gives 
the same precipitate. Solution of calcium sulphate forms a precipitate but 
slowly, or not at all (distinction from racemic acid). The precipitate of cal- 
cium tartrate is soluble in cold solution of potassium hydrate, precipitated 
gelatinous on boiling, and again made soluble on cooling (distinctions from 
citrate) ^ and dissolves in acetic acid (distinction from oxalate). 

759. Silver nitrate precipitates, from solutions of normal tartrates, silver 
tartrate, A^^{C^p^)^ white, becoming black when boiled. If the precipitate 
is filtered, washed, dissolved from the filter by dilute ammonium hydrate into 
a clean test-tube, left for a quarter of an hour on the water-bath, the silver is 
reduced as a mirror coating on the glass (340), distinction from citric acid. 
Free tartaric acid does not reduce silver salts. Fermanganate is reduced 
quickly by alkaline solution of tartrates (distinction from citrates), precipitat- 
ing manganese dioxide, brown. Free tartaric acid acts but slowly on the per- 
manganate. Alkaline copper tartrate resists reduction in boiling solution. 
Chromates are reduced by tartaric acid, the solution turning green. The 
oxidized products, both with permanganate and chromate, are formic acid, 
carbonic anhydride, and water. 

760. On ignition, tartaric acid or tartrates evolve the odor of hurnt sugar, 
separating carbon, and becoming finally converted to carbonates. — Strong 
sulphuric acid also blackens tartrates, on warming. Melted potassium 
hydrate, below ignition, produces acetate and oxalate. 

CITRIC ACID. 

761. Citric acid, HjCObHoOt), is a colorless, crystallizable, non-volatile solid; freely 
soluble in water and in alcohol. 

The Citrates of the metals of the alkalies are freely soluble in water ; those of iron 
and copper are moderately soluble ; those of the alkaline earth metals insoluble. There 
are many soluble double citrates formed by action of alkali citrates upon precipitated 
citrates, or of alkali hydrates upon metallic salts in presence of citric acid : see 133. In 
distinction from tartrates, the solubility of the potassium salts (764) ; non-precipitation 
of calcium salt in cold solution ; and weaker reducing action, are to^ noted, 
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762. Solution of oalciom hydrate in excess (as by dropping the solution tested into 
the reagent) gives no precipitate with citric acid or citrates in the cold (distinction from 
tartaric acid), but on heating, the white, calcium citrate, Oaa(OflH607)a, is precipitated 
(not soluble in cold potassium hydrate solution). By filtering before boiling, the tartrate 
and citrate may be approximately separated. Calcium chloride also gives the same pre- 
cipitate after boiling. Calcium citrate is soluble in acetic acid (distinction from oxalates). 

763. Solution of lead acetate precipitates white, lead citrate, Pb8(0«H60T)a, soluble 
in ammonia. Silver nitrate gives a white precipitate of silver citrate, Ags(C«H50r), 
which does not blacken on boiling (distinction from tartrate). * 

764. One part of citric acid dissolved in two parts of water, and treated with a solu- 
tion of one part of potassium acetate in two parts of water, should remain clear after 
addition of an equal volume of strong alcohol (absence of oxalic acid and of tartaric acid 
and its isonaers). 

765. Citric acid does not act very readily as a reducing agent; does not reduce alka- 
line copper solution, or silver solution, or permanganate but very slowly. Concentrated 
nitric acid produces from it, acetic and oxalic acids ; and digestion with manganese diox- 
ide decomposes it, with formation of acetone, acrylic, and acetic acids. Citrates car- 
bonize on ignition, with various empyreumatic products, and with final formation of car- 
bonates. By fused potassium hydrate, short of ignition, they are decomposed with pro- 
duction of oxalate and acetate. 
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PART III. 

SYSTEMATIC 



SEFABATION OF THE ACIDQ FBOM THE BASES. 

766. The preliminary examination of the Solid Material in the dry way 

will give indications drawing attention to certain acids. Solutions can be 
evaporated to obtain a residue for this examination (12). Thus, detonation 
(not the decrepitation caused by water in crystals) indicates chlorates, ni- 
trates, bromates, iodates. Explosion or deflagration will occur if these, or 
other oxygen-furnishing salts — as permanganates, chromates — are in mixture 
with easily combustible matter (518). Hypophosphites, heated alone, defla- 
grate intensely (725). A brownish-yellow vapor indicates nitrates or nitrites 
(602) ; a green flame ^ borates (730). — ^The odor of burning sulphtir: sul- 
phides, sulphites, thiosulphates, or free sulphur. The separation of carbon 
black: an organic acid (645). The formation of a silver stain: a sulphur 
compound (680). 

767. When dissolving a solid by acids for work in the wet way, indica- 
tions of the more volatile acids will be obtained. Sudden effervescence: a 
carbonate (oxalate or cyanate) (648, 649). Greenish-yellow vapors: a 
chlorate (520). Brownish-yellow, chlor-nitrous vapors on addition of hydro- 
chloric acid : a nitrate. — The characteristic odors :' salts of hydrosulphuric 
acid, sulphurous acid, hydrobromic acid, hydriodic acid, hydrocyanic acid, 
acetic acid. — The separation of sulphur : a higher sulphide, etc. It will be 
remembered that chlorine results from action of manganese dioxide, and nume- 
rous oxidizing agents, upon hydrochloric acid. 

768. If the Material is in Solution^ the bases will be first determined. 
(Certain volatile acids will be detected in the first group acidulation — by indi- 
cations mentioned in the preceding paragraph.) Now, it should first be con- 
sidered, what acids can be present in solution with the bases found? Thus, 
if barium be among the bases, we need not look for sulphuric acid nor, in a 
solution not acid, for phosphoric acid. 

769. As a general rule, the non-alkali metals must be removed from a 
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solution before testing it for acids, unles^ it can be clearly seen that they will 
not interfere with the tests to be made. 

Metals need to be removed : because, firstly, in the testing for acids by 
2)recipitation, a precipitate may be obtained from the action of the reagent on 
the base of the solution tested, thus: if the solution contain silver, we cannot 
test it for sulphuric acid by use of barium chloride (and we are restricted to 
use of barium nitrate). And, secondly, in testing for acids ly transposition 
with a stronger acid — the preliminary examination for acids — certain bases do 
not permit transposition. Thus, chlorides, etc., of lead, silver, mercury, tin, 
and antimony, and sulphide of arsenic, are not transposed by sulphuric acid, or 
not promptly. 

770. If neither arsenic nor antimony is among the bases, they may all be 
removed (a) by boiling with slight excess of sodium or* potassium carbonate, 
and filtering. Arsenic and antimony^ and all other bases of the second group, 
may be removed (b) by boiling with hydrostQphuric acid, and filtering. 
When the bases are removed by sodium or potassium carbonate, the filtrate 
must be exactly neutralized by nitric acid, with the expulsion of all carbonic 
acid by boiling. Then, for nitric acid, the original substance may be tested. 

The filtrate, from the third or fourth group, though free from all bases 
which need to be removed, is not suitable material for general tests for acids ; 
because it is loaded with ammonium salts, which act as solvents on many of 
the precipitates to be obtained. 

771. The separation of Fhosphorio acid from bases is a part of the work 
of the thii*d group of metals, and is explained in 246 and 247. The removal 
of Boracic acid, Oxalio acid, Silicio acid, is described in 249. 

The non- volatile Cyanogen acids can be separated from bases by digest- 
ing with potassium or sodium hydrate (not too strong, 624), adding potassium 
or sodium carbonate and digesting, and then filtering. The residue is examined 
for bases, by the usual systematic process. The solution (617 c) will contain 
the alkali salts of the cyanogen acids, and may contain metals whose hydrates 
or carbonates are soluble in fixed alkali hydrates. 



CONVEBSION OF SOLIDS INTO LIQUIDS. 

772. Before the fluid reagents can be applied, solids must be reduced to 
liquids. To obtain a complete solution, the following steps must be observed : 

First* The solid, reduced to a fine powder, is boiled in ten times its quan- 
tity of water. Should a residue remain, it is allowed to subside, and the clear 
liquid poured oflf or separated by filtration. A drop or tvjo evaporated on 
glass, or clean and bright platinum foil, will give a residue, if any portion has 
dissolved. If a solution is obtained, the residue, if any, is exhausted, and well 
washed with hot water. 
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Second, The residue, insoluble in water, is digested some time with hot 
hydrochloric acid. (Observe 767.) The solid, if any remain, is separated 
by filtration, and washed, first with a little of this acid, then with water. The 
solution, with the washings, is reserved. 

Third* The well-washed residue is next digested with hot nitric acid. 
Observe if there are vapors of nitrogen oxides, indicating that a metal or other 
bady is being oxidized (590). Observe if sulphur separates, (464). If any 
residue remains, it is separated by filtration and washing, first with a little 
acid, then with water, and the solution reserved. , 

Fourth, Should a residue remain, it is to be digested with nitro-hydro- 
chloric acid, as directed for the other solvents. 

The acid solutions are to be evaporated nearly to dryness, and then redis- 
solved in water, acidulating, if necessary, to keep the substance in solution. 

Fifth. Should the substance under examination prove insoluble in acids, 
it is likely to be either a sulphate (of barium, strontium, or lead) ; a chloride, 
or bromide, of silver or lead ; a silicate or fluoride — perhaps decomposed by 
sulphuric acid — (737) ; and it must he fused with a fixed alkali carbonate^ 
when the constituents are transposed in such manner as to render them solu- 
ble. The watery solution of the fused mass will be found to contain the acid; 
the residue, insoluble in water, the metal, now soluble in hydrochloric or 
nitric acids (compare 677). 

If more than one solution is obtained, by the several trials with solvents, 
the material contains more than one compound, and the solutions, as separated 
by filtration, should be preserved separately, as above directed, and analyzed 
separately. The separate results^ in many cases, indicate the original com- 
bination of each metal, 

COITVERSION OF SOLUTIONS INTO SOLIDS : Before solids in 
solution can be subjected to preliminary examination — either for metals or for 
acids — they must be obtained in the solid state. This is done by evaporation 
(see 12). 

REMOVAL OF ORGANIC SUBSTANCES. 

773. The methods of inorganic analysis do not provide against interference by organic 
compounds; and, in general, it is impossible to conduct inorganic analysis in material 
containing organic bodies. The removal of the latter can be effected, 1st, by combustion 
at a red or white heat, with or without oxidizing reagents; 2d (in part), by oxidation with 
potassium chlorate and hydrochloric acid on the water-bath ; 3d, by oxidation with nitric 
acid in presence of sulphuric acid, at a final temperature of the boiling point of the lat- 
ter; 4th, by solvents of certain classes of organic substances; 5th, by Dialysis. These 
operations are conducted as follows: 

774. Comhystion at a red or white Jieat, of course, excludes analysis for mercury, 
arsenious and antimonious bodies (except as provided in 425) and ammonium. The last- 
named constituent can be identified from a portion of the material in presence of the 
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organic matter (63 and 585). If chlorides are present, iron will be lost at temperatures 
much above 100° 0., and potassium and sodium waste notably at a white heat, and slightly 
at a full red heat. Certain acids will be expelled, and oxidizing agents reduced. 

The material is thoroughly dried and then heated, in a porcelain or platinum crucible, 
at first gently. It will blacken, by separation of the carbon of the organic compounds. 
The ignition is continued until the black color of the carbon has disappeared. In special 
cases of analysis, it is only necessary to char the material: then pulverize it, digest with 
the suitable solvents and filter; but this method does not give assurance of full separa- 
tion of all substances. Complete combustion, without use of oxidizing agents, is the way 
most secure against loss, and entailing least change of the material: it is, however, some- 
times very slow. The operation may be hastened, with oxidation of all materials, by 
addition of nitric acid, or of ammonium nitrate. The material is first fully charred : then 
allowed to cool till the finger can be held on the crucible ; enough nitric acid to moisten 
the mass is dropped from a glass rod upon it, the lid put on, and the heat of the water- 
bath continued until the mass is dry, when it may be very gradually raised to full heat. 
This addition may be repeated as necessary. The ammonium nitrate may be added, as a 
solid, in the same way. 

776. Oxidation tvith potassium chlorate and hydrochloric acid on the water-hath does 
not wholly remove organic matter, but so far disintegrates and changes it that the filtrate 
will give the group precipitates, pure enough for most tests. It does not vaporize any 
bases but ammonium, but of course oxidizes or chlorinates all constituents. It is espe- 
cially applicable to viscid liquids; it may be followed by evaporation to dryness and igni- 
tion, according to 774. 

The material with about an equal portion of hydrochloric acid is warmed on the water- 
bath, and a minute portion of potassium chlorate is added at short intervals, stirring with 
a glass rod. This is until the mixture is wholly decolored and dissolved. It is then eva- 
porated to remove chlorine, diluted and filtered. If potassium and chlorine are to be 
tested for, another poriiion may be treated with nitric acid, on the water-bath. The or- 
ganic matter left from the action of the chlorine or the nitric acid maybe sufficient to 
prevent the precipitation of aluminium and chromium in the third group of bases ; so that 
a portion must be ignited. As to arsenic and antimony, see 425. 

776. The action of sulphuric with nitric acid at a gradually increasing heat, leaves 
behind aU the metals (not ammonium), with some loss of mercury and arsenic (and 
iron?) if chlorides are present in considerable quantity. In this, as in the operations be- 
fore-mentioned, volatile acids are lost — sulphides partly oxidized to sulphates, etc. 

The substance is placed in a tubulated retort, with about four parts of concentrated 
sulphuric acid, and gently heated until dissolved or mixed. A funnel is now placed in 
the tubule, and nitric acid added in small portions gradually raising the heat, for about 
half an hour — so as to expel the chlorine, and not vaporize chlorides. The material is 
now transferred to a platinum dish, and heated until the sulphuric acid begins to vaporize. 
Then add small portions of nitric acid, at intervals, until the liquid ceases to darken by 
digestion, after a portion of nitric acid is expelled. Finally, evaporate ojff the sulphuric 
acid, using the lowest possible heat at the close. 

777, The solvents used ArechiefLj etJier for fatty matter, SkTid alcohol or ether or both 
successively, for resins. Instead of either of these, benzene may be used ; and many fats 
and some resins may be dissolved in petroleum naphtha. It will be observed, that ether 
dissolves some metallic chlorides, and that alcohol dissolves various metallic salts. Before 
the use of either of these solvents upon solid material, it should be thoroughly dried and 
pulverized. Fatty matter suspended in water solutions, may be approximately removed 
by filtering through wet, close filters; also, by shaking with ether or benzene, and decant- 
ing the solvent after its separation. ^ , 
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778. By JDutlysiSf the larger part of any ordinary inorganic substance can be ex- 
tracted in approximate purity from the greater number of organic substances in water 
solution. The degree of purity of the separated substance depends upon the kind of 
organic material. Thus, albuminoid compounds are almost fully rejected ; but saccharine 
compounds pass through the membrane quite as freely as some metallic salts. (CJonsult 
Watts' Dictionary, II., 816; III., 715.) 



FBEUMINABY EXAMINATION OF SOLIDS. 

779. Before proceeding to the analysis of a substance in the wet way, a 
careful study should usually be made of the reactions which the substance 
undergoes in the solid state, when subjected to a high heat, either alone or in 
the presence of certain reagents, before the blowpipe, or in the flame of the 
Bunsen Burner. This examination in the dry way precedes that in the wet, and 
should be carried on systematically, following the plan laid down in the 
Tables, and noting carefully every change which the substance under investiga- 
tion undergoes, and if necessary making reference to some of the stan.dard 
works on Blow-pipe Analysis. In order to understand fully the nature of 
these reactions, the student should first acquaint himself with the character of 
the different parts of the flame, and the use of the blow-pipe in producing the 
reducing and oxidizing flame. 

780. The flame of the candle, or of the gas-jet, burning under ordinary 
circumstances, consists of three distinct parts : a dark nucleus or zone in the 
centre, surrounding the wick, consisting of unburnt gas — a luminous cone sur- 
rounding this nucleus, consisting of the gases in a state of incomplete combus- 
tion. Exterior to this is a thin, non-luminous envelope, where, with a full 
supply of oxygen, complete combustion is taking place: here, we find the 
hottest part of the flame. The non-luminous or outer part is called the oxi- 
dizing jQLame ; the lumiaous part, consisting of carbon and unconsumed hydro- 
carbons, is called the reducing flame. 

781. The flame produced hy the Blow-jnjpe is divided into two parts — the 
oxidizing flame, where there is an excess of oxygen corresponding to the outer 
zone of the candle-flame, and the reducing flame, where there is an excess of 
carbon, corresponding to the inner zone of the candle-flame. Upon the 
student's skill in producing these flames, depends very largely the results in 
the use of the blow-pipe. 

in order to produce a good oxidizing jQlame, the jet of the blow-pipe is 
placed just within the flame, and a moderate blast applied — the air being 
thoroughly mixed with the gas, the inner blue flame, corresponding to the 
exterior part of the candle-flame, is produced : the hottest and most effective 
part is just before the apex of the blue cone, where combustion is most com- 
plete. / 
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The reducing flame is produced by placing the blow-pipe just at the edge 
of the flame, a little above the slit, and directing the blast of air a little higher 
than for the oxidizing flame. The flame assumes the shape of a non-luminous 
cone, surrounded by a pale-blue mantle ; the most active part of the flame is 
somewhat beyond the apex of the luminous cone. 

782. The blast with the blow-pipe is not produced by the lungs, but by 
the action of the muscles of the cheek alone. In order to obtain a better 
knowledge of the management of the flame, and to practise in producing a good 
reducing flame, it is well to fuse a small grain of metallic tin upon charcoal, 
and raising to a high heat endeavor to prevent its oxidation, and keep its surface 
bright ; or better, perhaps, to dissolve a speck of manganese dioxide in the 
borax bead on platinum wire — the bead becoming amethyst-red in the outer 
flame and colorless in the reducing flame. The beginner should work only 
with substances of a known composition, and not attempt the analysis of 
unknown complex substances, until he has made himself perfectly familiar 
with the reactions of at least the more frequently occurring elements. 

The amount of substance taken for analysis should not be too large ; a 
quantity of about the bulk of a mustard-seed being, in most cases, quite 
suflficient. 

The physical properties of the substance under examination are to be first 
noted — such as color, structure, odor, lustre, density, etc. 

Heating in Glass Tube Closed at One End. 

783. The substance, in fragments or in the form of a powder, is introduced 
into a small glass tube, sealed at one end, or into a small matrass, and heat 
applied gently, gradually raising it to redness, if necessary with the aid of the 
blow-pipe. When the substance is in the form of a powder it is more easily 
introduced inta the tube by placing the powder in a narrow strip of paper, 
folded lengthwise in the shape of a trough ; the paper is now inserted into the 
tube held horizontally, the whole brought to a vertical position, and the paper 
withdrawn ; in this way the powder is all depocited at the bottom of the tube. 
By this treatment in the glass tube, we are first to notice whether the substance 
undergoes a change, and whether this change occurs with or without decom- 
position. The sublimates, which may be formed in the upper part of the tube, 
are especially to be noted. Escaping gases or vapors should be tested as to 
their alkalinity or acidity, by small strips of red and blue litmus inserted in 
the neck of the tube. 

Heat in Glass Tube Open at Both Ends. 

784. The substance is inserted into a glass tube from two to three inches 
long, about one inch from the end — at which point a bend is sometimes made ; 
heat is applied gently at first, the force of the air-current passins4hrough the 
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tube being regulated by inclining the tube at different angles. Many sub- 
stances undergoing no change in the closed tube, absorb oxygen, and yield 
volatile acids or metallic oxides. As in the previous case, the nature of the 
sublimate and the odor of the escaping gas are particularly to be noted. The 
reaction of sulphur, arsenic, antimony, and selenium, are very characteristic; 
these metals, if present, are generally easily detected in this way. 

Heat in the Blow-pipe Flame on CharcoaL 

785. For this test, a well-burned piece of charcoal is selected, and a small 
cavity made in that side of the coal showing the annual rings ; a small frag, 
ment of the substance is placed in the cavity, and, if the substance be a powder, 
it may be moistened with a drop of water. The coal is held horizontally, and 
the flame made to play upon the assay at an angle of about twenty-five 
degrees. The substance is brought to a moderate heat, and finally to intense 
ignition. Any escaping gases are to be tested for their odor ; the change of 
color which the substance undergoes, and the nature and color of the coating 
which may form near the assay, are also to be carefully noted. Some sub- 
stances, as lead, may be detected at once by the nature of the coating. 

Ignition of the Substance previously Moistened with a Drop of Cobalt 

Nitrate. 

786. This test may be effected either by heating on charcoal, in the loop 
of platinum wire, or in the platinum -pointed forceps. A portion of the sub- 
stance is moistened with a drop of the reagent, and exposed to the action of the 
outer flame. When the substance is in fragments, and porous enough to absorb 
the cobalt solution, it may be held in the platinum -pointed forceps, and ignited. 
The color is to be noted after fusion. This test is rather limited ; Aluminium, 
Zinc, and Magnesium, giving the most characteristic reactions. 

Fusion with Sodium Carbonate on Charcoal. 

787. The powdered substance to be tested is mixed with the Soda in the 
palm of the hand, moistened and placed in the cavity of the coal. Some sub- 
stances form, with soda at a high heat, fusible compounds— others infusible. 
Many bodies, as silicates, require fusion with alkali carbonate before they can 
be tested in the wet way. Many metallic oxides are reduced to metal, form- 
ing globules, which may be easily detected. 

When this test is applied for the detection of sulphates and sulphides, the 
flame of the alcohol-lamp is to be substituted for that of the gas-flame, as the 
latter generally contains sulphur compounds. 

Examination of the Color which may be imparted to the Outer Flame. 

788. In this way, many substances may be definitely detected. The test 
may be applied either on charcoal or on the loop of platinum wire — ^preferably 
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in the latter way. When the substance will admit, a small fragment is placed 
in the loop of the platinum wire, or held in the platinum-pointed forceps, and 
the point of the blue flame directed upon it. Jf the substance is a powder, it 
may be made into a paste with a drop of water, and placed in the cavity of the 
charcoal, the flame being directed horizontally across the coal. The color 
which the substance imparts to the outer flame in either case is noted. In 
most cases the flame of the Bun sen Burner alone will suffice ; the substance 
being heated in the loop of platinum wire — which, in all cases, should be first 
dipped in hydrochloric acid, and ignited, in order to secure against the presence 
of foreign substances. Those salts which are more volatile at the temperature 
of the flame, as a rule give the most intense coloration. When two or more 
substances are found together, it is sometimes the case that one of them masks 
the color of all the others — the bright yellow flame of Sodium, when present in 
excess, generally veiling the flame of the other elements. In order to obviate 
this, Bunsen has furnished us a method,* by the use of colored media (stained 
glasses, indigo solution, etc.) The appearance of the flame of various bodies, 
when viewed through these media, enables us often to detect very small quan- 
tities of them in the presence of large quantities of other substances. 

Treatment of the Substance with Borax, and Microcosmic Salt. 

789. This is best eflected in the loop of platinum wire. This is heated 
and dipped into the borax or salt of phosphorus, and heated to a colorless 
bead; a small quantity of the substance under examination is now brought in 
contact with the hot bead, and heated, in both the oxidizing and' reducing 
flames. Any reaction which takes place during the heating must be noticed ; 
most of the metallic oxides are dissolved in the bead, and form a colored 
glass, the color of which is to be observed, both while hot and cold. The color 
of the bead varies in intensity, according to the amount of the substance used ; 
a very small quantity will, in most cases, suflfice. Certain bodies, as the alka- 
line earths, dissolve in borax, forming beads which, up to a certain degree of 
saturation, are clear. When these beads are brought into the reducing flame,, 
and an intermittent blast used, they become opaque. This operation is, called 
flaming. 

As reducing agents, certain metals are employed in the bead of borax or 
salt of phosphorus. For this purpose. Tin is generally chosen — Lead and 
Silver being taken, in some cases. These metals cannot be used in the loop of 
platinum wire, as they will alloy the platinum. The beads are first formed in 
the loop of wire ; then, while hot, shaken off into a porcelain dish, several being 
so obtained. A number of these are now taken on charcoal, and fused into a 



* For a fnll account of the method of analysis by flame reactions and colored media, suggested by Cart- 
MELL ; and by films on porcelain, as developed by Bunsbn ; consult Watts'' Diet., Ist Supplement, p. 125 ; 
also Hattner's Manual, Blow-pipe Anal., Richter, N. Y. 
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large bead, which is charged with th^ substance to be tested, and then with the 
tin, or other metal. For this purpose tin foil (or lead foil) is previously cut in 
strips half an inch wide, and the strips rolled into rods. The end of the rod is 
touched- to the hot bead, to obtain as much of the metal as required. Lead 
may be added as precipitated lead ("proof-lead"), and silver as precipitated 
silver. By aid of tin in the bead, cuprous oxide, ferrous oxide, and metallic 
antimony are obtained, and other reductions effected, as directed in 791 and 
elsewhere. 
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Systematic Blow-Pipe Analysis. 



791. SCHEME OP BLOW-PIPE ANALYSIS. 

ABBANGED BY FBOF. T. EGLESTON * 

The substance may contain — As, Sb, S, Se, Pe, Mn, Cu, Co, Ni, Pb, 
Bi, Ag, Au, Hg, Zn, Cd, Sn, CI, Br, I, CO,, SiO„ Np,, H,0. 

1. Treat on Ch.f in the O.F. to find volatile substances; such as As, Sb, 
S, Se, Pb, Bi, Cd, etc. 



a. if there are volatile substances 
present, form a coating and test it 
with S.Ph. and tin on Ch. for Sb 
(789), or to distinguish between Pb 
and Bi (298). 



J. If there are no volatile sub- 
stances present, divide a part of the 
substance into three portions, and 
proceed as in A. 



a. Yellow coat, yielding with S.Ph. a black bead; disappearing with blue 
flame ;' no part of it yielding greenish Sb flame : Pb and Bi. 

/?. Yellow coat, generally with white border, yielding black or fijray bead with 
S.Ph., disappearing with blue flame ; also the border, disappearing with 
greenish flame : Pb and Sb. 

y. Yellow coat, very similar to /?, but yielding no blue flame : Bi and Sb. 

2. If As, Sb, S, Se, are present, roast a large quantity thoroughly on Ch., 
until no odor of arsenic, or sulphurous acid, is given off". Divide the sub- 
stance into three portions, and proceed as in A. 

A. Treatment of the First Portion.— Dissolve a very small quantity in 
borax on platinum wire in the O.F., and observe the color produced. 
Various colors will be formed by the combination of the oxides. Saturate 
the bead, and shake it off" into the porcelain dish. Repeat this once or 
twice. 

a. Treat these beads on Ch. with a small piece of lead, silver, or gold, in a 
strong R.F. 

h> Pe, Mn, Co, etc., remain in the bead. If the bead spreads out on the Ch., 
it must be collected to a globule by continued blowing. Make a borax 
bead on platinum wire, and dissolve in it some of the fragments of the 
bead, reserving the rest for accidents. 

* Amer. Chem., n., 883. 

t Ch., charcoal ; O.F., oxidizing flame ; R.F., reducing flame ; S.Ph., salt of phosphorus or microcoe- 
mic salt. 
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c* Ni, Cu, Ag, Au, Sn, Pb, Bi are reduced and collected by the lead button 
(Sn, Pb, Bi, if present, partly volatilize). Remove the lead button from 
the bead while hot, or by breaking the latter when cold, on the anvil be- 
tween paper, carefully preserving all the fragments. 

d> If Co is present, the bead will be blue. If a large amount of Pe is present, 
add a little borax to prove the presence or absence of Co. If Mn is 
present, the bead, when treated on platinum wire in the O.F., will become 
dark violet or black. 

e. If only Pe and Mn with no Co are present, the bead will be almost color- 
less. Look, here, for Cr, Ti, Mo, U, W, V, Ta, by the wet way. 

/. Treat the button c on Ch., in the O.F., until all the lead, etc., is driven off; 
Ni, Cu, Ag, Au, remaining behind ; or separate the lead with boracic 
acid. 

g. Treat the residue g on Ch. in O.F. with S.Ph. bead, removing the button 
while the bead is hot. 

h. If Wi and Cu are present, the bead will be green when cold. If Wi only, 
yellow ; if Cu only, blue. Prove Cu by treating with tin on Ch. in the 
R.F. 

i. For Ag and Au make the special test. 

B. Treatment of the Second Portion. — Drive off all the volatile substances 

in the O.F, on Ch. Treat with the R.F., or mix with soda and then treat 
with the R.F. for Zn, Cd, Sn. If a white coating is formed, test with 
cobalt solution (786). 

C. Treatment of the Third Portion. — Dissolve some of the substance in 

S.Ph. on platinum wire in O.F., observing whether SiO, is present or not, 
and test for Mn with potassium nitrate, 

3. Test for As with soda on Ch. in the R.F., or with dry soda in closed tube 

(382). 

4. Dissolve in soda on platinum wire in the O.F. (if the substance is not me- 

tallic and does not contain any S) and test for Sb on Ch. with tin in the 
R.F. (789), 

5. Test for Se on Ch. (499). 

6. In absence of Se, fuse with soda in the R.F., and test for S on silver foil 

(669). In presence of Se test for S in open tube (662) to distinguish 
between S and SO,. 
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7. Test for Hg with dry soda in a closed tube (363). 

8. Mix some of the substance with assay lead and borax-glass and fuse on Ch. 

in the R.F. Cupel the lead button for Ag. Test with nitric acid for 
Au (477). 

9. Test for CI, Br, and I, with a bead of S.Ph., saturated with oxide of copper 

(516). With Br, the flame is blue with green tint; with I, the flame is 
green. 

10. Test for CI, or Br, with acid sulphate of potassium, 

11. Test for H,0, in a closed tube. 

12. Test on platinum wire, or in platinum pointed forceps, for coloration in the 

flame (790, VI.) 

13. Test for CO, with HCl. 

14. Test for W^O, with acid sulphate of potassium 

15. Test for Te in an open tube (499) 
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PART IV. 



OXIDATION. 



BY OnS COB JOHNSON, M.A. 



806. In this part is 
lowing substances upon 



described the oxidizing and reducing action of the fol- 
each other; 



811. H.C,9, 

812. H.CO, 

813. HNO, 

814. HNO, 

815. H3PO, 

816. H3PO, 

817. H,S 

818. H,SO, 

819. H,SO, 

820. CI 

821. HCa 

822. HCIO 

823. HCaO, 

824. Br 

825. HBr 

826. HBrO, 



827. 


I 


828. 


HI 


829. 


HIO, 


830. 


HCy 


831. 


HCJyS 


832. 


H.PeCy. 


833. 


H.FeOy. 


834. 


Pb" 


835. 


Pb"" 


836. 


Ag' 


837. 


Hg' 


838. 


Hg" 


839. 


Sn" 


840. 


Sn"" 


841. 


Sb" 


842. 


Sb^ 



843. 


As'" 


844. 


As'' 


845. 


Bi'" 


846. 


Cu" 


847. 


Mn" 


848. 


Mn"" 


849. 


Mn™ 


850. 


Co" 


851. 


Co" 


852. 


Ki" 


853. 


Ni'" 


854. 


Pe" 


855. 


Pe"' 


856. 


Cr"' 


857. 


Cr" 
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Negative Bonds, 251 

In this list the acids are arranged in order of the atomic weight of the 
element, which suffers oxidation or reduction, in each. The bases are arranged 
in accordance with the usual analytical grouping. In all cases, to avoid repe- 
tition, the action of any substance is given upon those which follow it and 
never upon those which precede it in the list. To express the bonds of the 
bases accents are employed, and the action stated is true of ail salts, oxides, or 
hydrates of the metal having the stated number of bonds. 

807. NEGATIVE BONDS. I am compelled to use the word lond in a 
sense perhaps original ; at any rate 1 give to this word an additional meaning 
entirely different from that of all authors heretofore. By the iond of an ele- 
ment is meant, the amount of oxidation it is capable of sustaining. A bond, 
then, may be defined as oxidizing force y and when an element has no oxidizing 
force or power, it has no bonds, and when its only capacity is that of a re- 
ducing agent, its bonds are represented by a negative number. 

808. The bonds of an element may always be ascertained with certainty 
by one or more of the following rules : 

1st. Hydrogen, in combination, has always one bond, and it is always 
positive (H'). 

2d. Oxygen always has two bonds, and they are always negative (or 
minus) (0~''). 

3d. Free elements have no bonds ; thus, metallic lead (Pb°). 

4th. The sum of the bonds of any compound is always equal to zero. 
Thus, H'N+^Og~^^'=*^ ; that is, the H has one positive bond, the N five positive 
bonds, and each atom of O has two negative bonds, and the three atoms have 
six negative bonds — six positive bonds added to six negative bonds equal zero. 
In the same way, H'Cl+^03-^^=°, h;'S+^^0,-^"^=% ■g^n.-p+VQ-y;m=.o^ 

5th. Acid radicals are always negative. H'FOj-^'^^, or £['(103)-'=*^, 
Pb3^+^08-^'=°, or Pb3'''(PO,)3-'''=''. The bonds of the radical being equal 
to the number of atoms of hydrogen with which it is capable of combining. 

6th. Metals in combination are usually positive. The most prominent ex- 
ceptions are their compounds. with hydrogen, Sb~'"H3+"', As""'H3 + '''. 

809. An oxidizing agent is one that can increase the number of bonds of 
some other substance. 

A reducing agent is one that can diminish the number of bonds of some 
other substance. 

Hence oxidation of one substance must involve the reduction of some other. 
The number of bonds gained by one are lost by the other. 

The real bonds are transferred from the oxidizing to the reducing agent. 
Thus, in the equation 

2PbOrOi + 6Zn + 16H01 = 2Fb + Or,01« + 5Zn01a + 8H,0 
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252 Rule for Writing Equations. 

it can be proven that the ten bonds lost by the lead chromate are transferred 
to the zinc. 

810. From these principles is derived a rule for writing equations, by 
which every equation involving oxidation may be balanced almost at a glance, 
if we know the products formed. The rule is : The number of bonds 
changed in one molecule of each shows how many molecules* of tlie 
other must be taken, the words each and other referring respectively to ox- 
idizing and reducing agent. A few equations will illustrate : 

2HNOa + SHaSOs = 3HaS04 + 2NO + H9O 

The nitrogen in HNO3 has five bonds, and in NO it has two, losing three ; 
therefore, three molecules of H3SO3 must be taken. The sulphur in H^SO, has 
four bonds, and in H^SO^ it has six, gaining two ; therefore, two molecules of 
H!NOj must be taken. Again : 

3Sn* + 4HNO, = SSnQ, + 4NO + 2H2O 

The Sn gains four bonds (free elements having no bonds), hence four molecules 
of HNO3 must be taken, and the N of the HNO3 losing three bonds, three of 
Sn must be taken. 

6Sb + lOHNO, = BSbaOft + lONO + SHaO 

Here the rule calls for three of Sb and five of HNO3 ; but since the product, 
SbjjOg, cannot be written with an odd number of atoms of antimony, we must 
double the number of each, and, instead of three and five, take six and ten. 

3HaS 7f 8HNO. = 3HaS04 + 8NO + 4H3O 

Here the sulphur in H^S has — 2 (minus two) bonds, and in H^SO^ it has -|-6, 
so it has gained eight bonds ; hence we must take eight molecules of HNO,, and 
we take three of H^S because the nitrogen loses three bonds. 

3Sb2Ss + 28HNO. = 3Sb206 + OHaSO* + 28NO + 5HaO 

In this equation both the sulphur and the antimony of the Sb S are oxidized, 
each atom of sulphur gains eight bonds (as explained above), and the three atoms 
will gain twenty-four bonds. Each atom of antimony gains two bonds, the two 
atoms gaining four bonds ; these added to the twenty-four bonds gained by the 
sulphur make twenty-eight (that is, one molecule of Sb^S, gains twenty-eight 
bonds) ; hence we must take twenty-eight molecules of HNOg, also three of 
SbgSg, because the nitrogen loses thre^ bonds. 



♦ In case of free elements, to avoid complexity, atoms are represented as molecules. 
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Oxalic Acid. 253 

HIO, + 3H3SO, = 3HaS04 + HI 

In this the rule calls for two of HIO, and six of H^SO, ; but we take one and 
three, which are in the same proportion. The rule gives proportional numbers 
only. 

8Pb + 2+6HNO, = 3Pb(NO,), + 2NO + 4H,0 

Here the rule requires two of HNO,, and shows that just two are reduced to 
NO ; but in order to make a solution of lead nitrate six more must be added, 
which are not reduced. 

SNaHaPOa + 7HNO, = SNaNOs + SHsPO* + 4NO. + 2HaO 

Here the phosphorus gains four bonds and four of HNO, are reduced to NO ; 
but three more are required to liberate the hypophosphorous acid from 
SNaHaPO, ; hence we take seven in all. 

AsH, + 6AgNO, + 8H3O = 6Ag + HsAsO. + 6HNO. 

The arsenic in AsH, has — 3 bonds, and in H3ASO3 it has -|-3; the gain is 
six ; therefore, take six of AgNO,. 

SKNOa + 8A1 + 5KOH + 2HaO = 8NH, + 4KaAla04 

The nitrogen in NH3 has — 3 bonds, having lost eight ; therefore, take eight 
of Al ; and as the Al gains three, take three molecules of E^NO,. 



OXALIC ACID. 

811. a. The carbon in oxalic-acid (H^CgO^) has three bonds. In presence 
of water, reducing agents have no action upon it. By fusion, however, a few 
metals, K, Na, Mg, etc., reduce it to free carbon. 

HNOj h. Nitrous acid seems to have no action on oxalic. 

HNO3 c. NO is formed, and the oxalic becomes CO, [^OmelMs Hand-book, 
9, 116]. 
Experiment : To dry oxalic acid add nitric acid, sp. gr. 1.42, or, 
better, 1.50. Test the evolved gas for NO by 814, and for CO, 
by passing it into a solution of barium chloride containing free 
potassium hydrate. 

CI d. HCl is formed, and the oxalic becomes CO, [Omelin^s Handbook, 
9, 116]. The CO, is tested (811 c) ; then prove the absence of free 
d by KI, and of HCl by AgNO,. This change of bonds takes 
place more readily in presence of potassium hydrate, 
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254 Oxalic Acid. 

HCaO e. Forms CO, and CI \^WaU8^ Dictionary of Chemistry j 4, 250 ; 
Wurtz^s Dictionnaire de Ghimie, 2, 670]. If the oxalic acid is 
in excess, HCl is formed. Proof, same as above. The action is 
more rapid in presence of fixed alkali. 

HCIO, /. Forms CO, and varying proportions of C1,0^, CI, and HCl. A high 
degree of heat and excess of oxalic acid favoring the production 
of HCl {^Calvert and DavieSy Jour. Chem, Society, II. 193]. To 
prove CO,, pass the gas into a solution of barium hydrate, or a 
mixture of barium chloride and potassium hydrate. 

Br g. Does pot decompose oxalic acid [Schonbein, Jour, fiir PraJctische 

Chemie, 88, 469]. 
Does decompose oxalic acid [Wurtz^s Dictionnaire de Chimiey 2, 

671]. 
Does decompose in alkaline mixture [A. Cahours, Annates de Clii- 

mie, III. 19,486; Jour, fur Prahtische Chemie,4:l, 61]. 
It has not been clearly proven that any action takes place, except in 

presence of fixed alkali. 

HBrO, A. Bromine and CO, are formed, 

HIO3 ^. Forms CO, and I [H. Davy], 

Add the acid and test for CO, by calcium hydrate, and for I by car- 
bon disulphide. 

The following acids do not change the bonds of oxalic acid : Carbonic, 
phosphoric, hypophosphorous, hydrosulphuric, sulphuric (but see 
653), hydrochloric, hydrobromic, hydriodic, hydrocyanic, sulpho- 
cyanic, hydroferricyanic, hydroferrocyanio, 

Pb'^" k. PbO, with oxalic acid forms Pb" and CO, [Gmelin^s Hand-hoohy 9, 
118; Watts^ Dictionary of Chemistry ^ 4, 250]. 
Oxalic acid has no action upon PbgO^. 

Hg" h Oxalate of ammonia boiled in the sunlight gives Hg,Cl, and CO, 
[Gnielin's Hand-book, 9, 118 ; Watts^ Dictionary of Chemistry, 
4, 251]. 

Free oxalic acid boiled in the sunlight also gives Hg,Cl,. 

As^ 7n. H,AbO^ becomes HjAsO,, and CO, is evolved. 

To prove that As^ becomes As"', add excess of potassic hydrate, and 
then potassic permanganate. The latter will be quickly decolored. 

Mn"" n. Forms Mn" and CO,. 

Mn^* 0. Forms Mn" and CO,. 
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Carbonic and Nitrous Acids. 255 



Co'" p. Becomes Co" and CO3. 

WTi'" q. Forms Ni" and CO,. 

Cr r. Rapidly forms Cr'" and CO,. 



CABBONIC ACID. 

812. The carbon of carbonic acid cannot be further oxidized, and is not 
reduced in presence of water. It is, however, changed to free carbon by fusing 
with metallic potassium, sodium, and even magnesium. 



NITROUS ACID. 

813. Nitrous acid acts sometimes as an oxidizing and sometimes as a re- 
ducing agent. When it oxidizes nitric oxide is' formed. When it reduces 
nitric acid is produced. 

HjPO, b. Nitric oxide and phosphoric acid are formed. 

Prove by silver nitrate, or treat calcium hypophosphite with potas- 
sium nitrite and hydrochloric acid, then add ammonium hydrate, 
and a precipitate will show that calcium phosphate is formed. 

H3S c. Forms sulphur and' ammonium nitrate [Omelin-Kraut, Handbuch 
der Chemie, 1. 2, 458 ; Wurtz^s Dictionnaire de Chimie, 1. 489]. 
Hydrosulphuric acid has no action upon nitrite of potassium, but on 
addition of acetic acid sulphur separates, and if the solution is 
hot nitric oxide is formed, the fumes of peroxide of nitrogen 
being clearly visible. Keeping the mixture cold favors the for- 
mation of ammonium nitrate. 

n^SO, d* Forms sulphuric acid and nitric oxide [Ghnelin-Krauty Handbuch 
der Chemie, I. 2, 458] . 
Traces of ammonium nitrate are also formed \JFreiny^» 

nClO, g. First forn^s peroxide of chlorine, C1,0^ [Millon], then hydrochloric 
acid [Toussaint; Gmelin-Krauf, Handbuch der Chemie, I. 
2,458]. 
Add chloric acid to potassium nitrite ; then addition of silver nitrate 
shows that hydrochloric acid is formed. 

Br A. Free bromine seems to have no action on nitrous acid, 

HI y. Forms iodine and nitric oxide [ Watts* Dictionary, 4, 71 ; Wurtz's 
Dictionnaire de Chimie, 1. 489]. 
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256 Nitric Acid. 

niO, k. Forms iodine and nitric acid. 

HCyS h Forms sulphuric and hydrocyanic acids, and nitric oxide. Some- 
times traces of other cyanogen products are formed. 

H FeCy, m. Forms first, hydroferricyanic acid, then nitroferricyanic acid. 

HjFeCy. n. Forms nitroferricyanic acid. 

PbO, 0. Forms Pb" and nitric acid [Oinelin-Kraut, Handhuch der Ch&mie^ 

1. 2, 458]. 

Hg' p. Becomes Hg° [ Watts' Dictionary, 4, 70 ; Wurtz's Dictionnaire de 
Chimie, 1. 489; Gmelin- Kraut, Handhich der Cheniie, I 

2, 460J. 

Mercuric salts are not reduced [Heppe, Chemische Reactionen, 336]. 

Mn'"' q. Forms Mn" [Omelin-Kraut, Handhuch der Chemie, I. 2, 458]. 

Mn^ r. Forms Mn" and nitric acid [Gnielin- Kraut, Handhuch, I. 2, 458]. 

Co" 8, Changes Co" to Co'" (225) [Watts' Dictionary, 1. 1045]. 

Ni'" t. Nitrites acidulated with phosphoric acid reduce Ni'" to Ni" in the 
cold. . 

Cr^ u. Becomes Cr"' [Watts' Dictionary, 4, 70]. 



r NITBIC ACID. y 

H-ih / 

814. a. Of course nitric^cid can never act as a reducmg agent. Acting as 
an oxidizing agent, it may form N^g, N, N,0, NO, N^O,, or Nfi^. 

If the nitric acid is in excess, and a boiling heat be used, the product is 
nearly all NO, while excess of the reducing agent and a low temperature 
favor the formation of NH,. 

A convenient test for NO is made by passing the gas into ferrous sulphate. 
(See 590 and Acworth and Armstrong, Jour. Chem, Society, 32, 54.) 

H3PO3 h. Becomes phosphoric acid. 

Experiment: Treat with nitric acid until it no longer blackens 
argentic nitrate, and when mixed with ammonium hydrate, gives 
a precipitate with chloride of calcium. 

H,S c. Forms sulphur, and may be further oxidized to sulphuric acid. The 
nitric acid must be stronger than sp. gr, 1.18 [Omelin-Kraut, 
Handhuch, 1. 2, 219). 

H,SO, d. Becomes sulphuric acid. 
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Nitric Acid. 257 

HCl e. Forms nitrohydrochloric acid (513). 

HCIO3 /. Nitric acid added to a chlorate liberates chloric acid, which decom- 
poses, but the nitric is not changed [^Pennyy Jour, Prakt Chem,y 
23, 296]. 

HBr g. Gives free bromine. 

I h. Forms iodic acid ; action slow, and strong nitric acid should be used — at 
least sp. gr. 1.42. This is a practical method for making iodic 
acid, if acid of sp. gr. 1.48 is used [Bousson, Comptes Rendus 
Academie des Sciences, 13, 1111], 

HI i. Forms first free iodine, then iodic acid. 

HCyS j. Forms hydrocyanic and sulphuric acids. 

With strong nitric acid, traces of carbonic acid are formed [ Vogely 
OmelMs Hand-look^ 8, 75]. 

H^FeCy, Ic. Foi^ms hydroferri cyanic acid \WaUs^ Dictionary^ 2, 250], and 
then nitroferricyanic acid. 

HjPeCy, I. Forms nitroferricyanic acid. Proof: Test by adding some solu- 
ble sulphide (668). 

m. Nitric acid oxidizes all ordinary metals. (It does not act upon gold 
or platinum.) Jt forips nitrates, except in the case of tin and 
antimony, with which it forms the insoluble oxides, SnOj, and 

Sb.O.. 

With the respective metals it forms Hg' or Hg", Sn" or Sn'"', As'" 
or As^, Sb"' or Sb^, Pe" or Pe'", according to the amount of 
nitric acid employed. 

With copper it forms cupric nitrate (never cuprous) ; with cobalt it 
forms cobaltous nitrate. 

PbgO^ n. Becomes plumbic nitrate and PbO,. The nitric acid is not reduced. 

Hg' 0. Becomes Hg". 

SnO p. Becomes SnO,. (Not stannic nitrate.) 

Prove by adding KMnO^ to alkaline solution, after treating with 
nitric acid. 

HjAsO, q. Becomes H^AsO^. Prove as above. 
SbjOj r. Becomes Sb^Oj. Prove as above. 

Cu' 5. Becomes Cu". 

U MnO, NiO, CoO, Cr,0, are not oxidized. 
Pe" u* Becomes Pe"'. 
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HYPOPHOSPHOROUS ACID. 

816. a. Tests for hypophosphorous acid are given in 721 to 725. Per- 
haps the best method of proving that H3PO, is all changed to H^PO^, is that 
it fails to blacken argentic nitrate. The reduction of mercuric chloride is some- 
times preferred, especially if hydrochloric acid is present. 

Where the oxidation is not fully complete, first remove any phosphate 
which may be present as an impurity, by addition of magnesium sulphate 
in presence of ammonium chloride and ammonium hydrate ; then, after oxida- 
tion, repeat the process to prove partial oxidation. 

H,SO, &. Becomes chiefly free sulphur, but if the hypophosphorous acid is in 
great excess traces of hydrosulphuric acid are formed. 

H,SO, c. Becomes first sulphurous acid, then sulphur [ Wurtz^s Dictionnaire 
de Ghimie, 2, 968]. 

CI d. Becomes hydrochloric acid, and phosphoric acid is formed. Prove the 
absence of free chlorine by potassium iodide, and formation of 
hydrochloric acid by argentic nitrate. 

HCIO e. Becomes hydrochloric acid. Prove same as above. 

HCIO, /. Becomes hydrochloric acid. Prove same as above. 

Br g. Forms hydrobromic acid. Prove absence of bromine by potassium 
iodide, and formation of hydrobromic acid by argentic nitrate. 
The action takes place also in alkaline mixture. 

HBrO, h. Forms hydrobromic acid. Prove same as above. 

I i. Forms hydriodic acid. 

Prove absence of free iodine, by loss of color, with carbon disulphide 
and prove presence of hydriodic acid by chlorine. 

HIO3 y. Forms hydriodic acid. 

Prove absence of iodic by sulphurous acid with carbon disulphide, 
and formation of hydriodic acid as above. 

HjPeCy,. i. Forms hydroferrocyanic acid. In this case the formation of the 
same cannot be proven by addition of ferric chloride, because an 
excess of hypophosphorous acid changes ferric chloride to ferrous 
chloride, which then gives a precipitate with ferricyanide of po- 
tassium. A good method is to add a slight excess of fixed alkali, 
and then an excess of alcohol which will precipitate the ferro- 
cyanide of potassium, which may, after washing with alcohol, be 
dissolved in water and tested in the usual way;. 
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Pb'"' h Becomes Pb'' both in presence of fixed alkali and acids. 

Ag' m. Becomes Ag° " « « «« 

Hg' n. Becomes Hg° " " *« *< 

Hg" 0. Becomes Hg^ " « " " 

As^ and As''' p. Become metallic arsenic (in presence of acids only). 

Bi'^' g. Becomes Bi''. The action takes |^lace both in presence of alkalies and 
acetic acid. 

Cu" r. Becomes Cu'. The action occurs in presence of hydrochloric acid. 
Proof : Changes from green to colorless, and on addition of am- 
monium hydrate makes colorless solution. 

Mn"" s. In presence of acids gives Mn". (No action in presence of «dkalies.) 

Mil''" t. With alkalies gives Mn'^. 
With acids gives Mn''. 

Co"' u. Becomes Co". No action in alkaline mixture. 

Ni'" V, Becomes Ni". *' ** 

Pe'" w. Becomes Pe". ' « << 

Cr^ X. Becomes Cr'". " " 

PHOSPHORIC ACID. 

816. Phosphoric acid in presence of ^cids is not reduced. By fusing with 
metallic magnesium PjMgj is formed, which, on being treated with water, 
forms MgO and PH, \Jour. Chem, Society^ Blunts 18, 106; Parkinson, 20, 
309]. 

BnrDROSTJLPHTJBIC ACID. 

817. a. Free sulphur liberated from hydrosulphuric acid may sometimes 
be recognized simply by its appearance. But when white precipitates are 
formed at the same time, the whole should be allowed to settle, then the sul- 
phur dissolved in carbon disulphide, and again separated by evaporation, or 
precipitated from the carbon disulphide solution by addition of alcohol, and 
then further tested by 659, 662, 

H^SO, J. Forms water and sulphur [ Watts^ Dictionary, 3, 203].^ , 
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Sometimes, especially if the moist gases are used, pentathionic acid, 
H,S^O„ is formed. 5SO, + 5H,S = 'B.J&fi, + 4H,0 + 5S. 
E. PfeifTer \^ArcMv der Pharmacie (3), 14, 344 ; Jour. Chem. 
Society, 36, 1013] claims to have proven that tetrathionic acid, 
HjS^Og, is formed, instead of pentathionic. 

n,SO^ C. No action if the sulphuric acid is dilute. 

With strong acid, sulphur and sulphurous anhydride are formed. To 
prove the latter, add sulphuric acid to dry ferrous sulphide and 
boil, or pass hydrosulphuric acid gas into hot sulphuric acid, 
and SOj will be evolved. 

CI d. Forms first sulphur, and finally sulphuric and hydrochloric acids. This 
takes place in alkaline mixture also. 

HCIO e. Same as above. 

HCIO3 /. With excess of hydrosulphuric acid, free sulphur and hydrochloric 
acid are formed. 
With excess of chloric, sulphuric acid and chlorine are formed. 

Br g. Forms hydrobromic acid and sulphur [ Watts* Dictionary y 3, 203j. 

In alkaline mixture sulphuric acid is also formed. 

HBrOg A. Forms sulphur and hydrobromic acid. Sulphuric acid is also 
formed [Rose ; Hejpjpe, Ohemische Reactionen, 75]. 

I t. Forms sulphur and hydriodic acid. 

HIO3 y. With excess of hydrosulphuric acid, hydriodic acid and sulphur are 
formed. 
With excess of iodic distinct traces of sulphuric acid are formed. 

HjPeCy, Tc. Forms potassium ferrocyanide and sulphur. 

Proof: Boil to expel excess of hydrosulphuric acid, then add ferric 
chloride. 

PbO, L Forms PbS and sulphur. Test for sulphur by 817 a, and for PbS, 
after washing with water, add zinc and hydrochloric acid, when 
hydrosulphuric acid will be evolved. 
To prove that no PbO, remains, after washing add potassium iodide 
and carbon disulphide. If any PbO, is present, free iodine will 
be formed. 



As\ -^sA and free sulphur are formed. 

sulphi 
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Mn'"' m» Forms manganous sulphide and sulphur, changing from black to 
flesh color. 



Sulphurous Acid. 261 

Mn^^ n. With potassium sulphide, potassium sulphate is formed [Jf. Schlag- 
denhafen, Bulletin de la SocieU Cliimique (2), 22, 16; and 
Jour, Chem. Society , 28^ 912 \. 8KMnO,+3K:,S = 3K,SO,+ 
4Kfi -\- 8MnO,. This method he uses quantitatively for the 
estimation of hydrosulphuric acid. With some free acid, such 
as phosphoric, hydrosulphuric added in excess to potassium per- 
manganate gives manganous sulphide and free sulphur. 

HjCrO^ 0. Forms chromic oxide and sulphur [Gmelin's Hand-book, 2, 119, 
and4, 119J. 

NijO, p. Becomes nickelous sulphide and sulphur. Proof, same as for 817 1, 

COjOj q. Forms cobaltous sulphide and sulphur. ** " " 

Fe'" r. Forms Fe" and sulphur. The action takes place in either alkaline or 
acid mixture. 



SULPHTJBOTJS ACID. 

818, a. Upon other acids sulphurous acid acts as a reducing agent, except 
with hypophosphorous and hydrosulphuric acids, 815-817. With free metals 
it acts only as an oxidizing agent. With metallic oxides it is a reducing agent, 
except with stannous oxide. The method of proof is, in all cases, very simple. 

CI h. Forms sulphuric and hydrochloric acids. 

HCIO c. '' " '' ** 

Hcao,^. '' '' « " 

Br e, " ** hydrobromio ** 

HBrO, /. Forms first bromine, then sulphuric and hydrobromic acids. 

I g. Forms hydriodic and sulphuric acids, 

HIO3 h. Forms first iodine, then hydriodic and sulphuric acids. 

HjPeCy, i. Accordmg to Boudault [Jour. FraJct. Chem., 36, 23] and many 
other authorities, potassium ferrocyanide and sulphuric acid are 
formed. Their method of proof is not clear. 

Pbo, y. Forms plumbic sulphate [ffeppe^ Chemische Beactioneny 315]. 

Ag' k. Forms metallic silver, 

Hg' and Hg'' I. With the nitrates of mercury, metallic mercury is formed. 
With mercuric chloride, mercurous chloride is very slowly pre- 
cipitated. 
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Sn" m. With stannous chloride, forms stannic sulphide, or stannic chloride 
and hydrosulphuric acid, according to the amount of hydrochlo- 
ric acid present. 

As^ n. Forms arsenious and sulphuric acids. 

MnO, p. If the solution is hot, manganic sulphate is formed [ Watts* Dicticn- 
art/y 6, 636]. If cold, manganous dithionate, MnS,0,, is formed 
[OmelMs ffand-bookyli. 174]. 

Co,0, q. Forms Co". 

NijO, r. Forms Ni". 

Pe'" 5. Forms Fe''. 

Cr^ t. Forms chromic sulphate. 



SULPHURIC ACID. 

819. a. Sulphuric acid can of course never act as a reducing agent, and it 
does not oxidize the other acids, except hypophosphorous (815 c), hydrobromic, 
and hydriodic acids. Some others are decomposed, but not oxidized, and the 
sulphuric is not reduced, 

HBr b. Forms bromine and sulphurous acid. No action occurs except in con- 
centrated solution. 

HI c Forms iodine and sulphurous acid. 

d- Metals, when dissolving in dilute sulphuric acid, evolve hydrogen, and 
form sulphates. 

When the metals dissolve in strong sulphuric acid, SO, is evolved, 
and sulphates are formed. 

Dilute sulphuric acid does not oxidize any of the metallic oxides. 
Concentrated acid changes the following. 

HggO e. Forms mercuric sulphate, and sulphurous anhydride is evolved. 

tSnO /. Stannous chloride forms first, sulphurous anhydride, then hydrosul- 
phuric acid, stannic chloride at the same time being produced. 
Compare 818 m. 

Mti g. With the higher oxides of manganese, dilute sulphuric acid has no ac- 
tion. Concentrated, boiling solutions evolve oxygen and man- 
ganous sulphate is formed. 
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chlobhste. 



820. a. The most delicate test for chlorine is potassium iodide with carbon 
disulphide (557). If, however, other oxidizing agents are present, the test 
must be varied to avoid error. 

Chlorine is one of the strongest oxidizing agents, becoming always hydro- 
chloric. 

HBr i. Forms bromine and hydrochloric acid. 

I c. Forms iodic and hydrochloric acids. In presence of potassium hy- 

drate, potassium periodate is formed. 

HI d, Fbrms first iodine, then iodic acid. With potassium hydrate, same 
as above. 

HCyS e. Forms first a red compound of unknown composition, then hydro- 
cyanic, sulphuric, and hydrochloric acids. 

H^PeCy^ /. Forms first hydroferricyanic and hydrochloric acids. Excess of 
chlorine to be avoided in preparation of ferri cyanides. 

HgPoCy^ g. Decomposes, forming various products. 

h. Chlorine unites with all metals, forming cnlorides. If any metal 
is capable of forming two series of salts, it always changes the 
one in which the metal has the less number of bonds, to that 
having the greater. That is, it changes ous salts to ic. 

Especially in the presence of a fixed alkali, it changes nearly all the 
lower oxides and'hydrates to the highest the. metal is capable of 
forming. Among the ordinary metals, the only exceptions are per- 
oxide of silver, and the peroxides of the alkalies and alkaline earths. 

i. By comparing this with 824 and 827, the following facts will be 
observed, and should be carefully considered. The elements, 
chlorine, bromine and iodine have an oxidizing power in order 
of their combining numbers, chlorine being the strongest.. This 
rule has no exceptions. 

Their hydracids are reducing agents graded in the reverse order. 

If any increase of bonds takes place in presence of an acid, by chlo- 
rine, bromine, or iodine, the same increase always occurs in 
presence of a fixed alkali. But the oxidation frequently goes 
further in presence of a fixed alkali. Thus, with chlorine and 
potassium hydrate we form PbO,, Ni^O,, Bi^O^, CO3O3, K^PeO^, 
MnO,, and B[MnO^, which cannot be formed in presence of an 
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It is very important to remember that those oxides which are formed 
hy chlorine, iii presence of a fixed alkali, but not in presence 
of an acid, are the only ones which can he reduced ty hydro- 
chloric acid. And further, that this reduction proceeds not 
always to the original form^ never proceeding beyond that num- 
ber of bonds capable of being formed in presence of an acid. 
Thus, any plumbic salt, with potassium hydrate and chlorine, 
forms PbOj, and this treated with hydrochloric acid again forms 
the plumbic salt PbCl,. And ferrous chloride with potassium 
hydrate and chlorine forms KjjPeO^, in which iron is a true 
hexad, and K^PeO^ with hydrochloric acid forms, not the ferrous 
chloride with which we began, but ferric chloride, for it could be 
oxidized to that point in presence of an acid. 

The above rule is true for bromine and iodine as well as for chlorine. 

Pb'' j. Becomes PbO,, with fixed alkalies, not in acid solution. 
PbO + 2KHO + Ola = PbO, + 2K01 + H3O 

PbCNOs), + 4EHO + Ola = PbOa + 2KNO, + 2K01 + 2HaO 
Pb,(P04)a + 12KHO + 01« = 3PbOa + 2K8(P04)a + eKOl + 6HaO 

Hg' k. Becomes Hg" in acid and in alkaline mixture. 

Sn" I Becomes Sn''" " « '' 

KaSnOa + 2KHO + 201 = KaSnOa + 2K01 + HaO 
As'" m. Becomes As^ in, acid and alkaline mixture. 
Sb"' n. Becomes Sb^ " " " 

Bi'" 0. Becomes Bi^ in alkaline mixture only. 

2Bi01i + lOKHO + 401 = BiaO* + lOKOl + 6HaO 

Mn'' p. Becomes MnO, in alkaline mixture only, and after passing the chlo- 
rine gas for three or four hours a large portion becomes KMnO^- 

Co'' q. Becomes Co^O, in alkaline mixture only. 

Ni" r. Becomes Ni,0, ** , '' '' 

Or'" 5. Becomes Cr^ (a chromate) in alkaline mixture only. 

Pe" t. Becomes Pe'" in alkaline and acid mixture, but is further oxidized to 
KjPeO^ only in alkaline mixture. 

HYDBOCHLOBIC ACID. 
821. JFor some properties of hydrochloric acid consult 820 a. 
nClO a. Forms chlorine and water. HCIO + HCl = 01, + H,0. 
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HCIO3 h. Gives chlorine, and a varying amount of the several oxides of 
chlorine [^Storer's Quantitative Analysis^ 119], 

HErOg c. In very dilute solution, no action. 

HIO3 d. In dilute solution, no action. If concentrated, yellow chloride of 
iodine is formed, not taken up by carbon disulphide. 

e. In all cases where metals are dissolved in hydrochloric acid, hydrogen 
is evolved. In such cases it is an oxidizing agent, the chlorine of 
the acid not changing its bonds, but the hydrogen is changed 
from combined, in which it is plus, to free hydrogen, where it 
has no bonds, thereby losing one bond. 
For its action on oxides see 820 t. "^ 

PbgO^ and PbO, /. Form plumbic chloride and chlorine. 

Mn g. All compounds of manganese having more than two bonds are reduced 
to the dyad, with evolution of chlorine. If the solutions are 
dilute this change is preceded by formation of manganese peroxide 
[/X U, Pickering, Jour, Cliem, Society, 35, 654]. 

Co and Ni A. Cobaltic and nickelic oxides are changed to cobaltous and 
nickelous chlorides, with evolution of chlorine. 

Fe^' i. With the exception of ferrates, as K^PeO^, which forms ferric 
chloride, the compounds of iron are not reduced. 

Cr^. Forms chromic chloride, and chlorine is evolved. 

HYPOCHLOROUS ACID. 

822. The oxidizing power of this acid is, in general, the same as that 
of free chlorine. 

CHLORIC ACID. 

823. a. Chloric acid for the following operations may be easily made, by 
adding to barium chlorate just enough sulphuric acid to precipitate all the ba- 
rium as a sulphate. 

It is a strong oxidizing agent, becoming free chlorine mixed with various 
oxides of chlorine. If the reducing agent, is used in excess, hydrochloric acid 
is the final product, but in the operation much of the chlorine escapes into the 
air. 

HBr h. Forms bromine. 

I c. Forms iodic acid. 

HI d. Forms first iodine, then iodic acid. 
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266 Bromine, 

HCyS e. Forms first a red compound, of unknown composition, then hydrocy- 
anic and sulphuric acids. 

H^PeCyg /. Forms first hydroferricyanic acid, which may be further oxi- 
dized. 

HjPeCy^ g. Chloric acid acts upon potassium ferricyanide, forming potassium 
superferricyanide, KjEeCy^. 
6K:3PeCy. + KCIO, + 6HC1 = 6K,PeCy, + 7KC1 + 3H,0 

[Z. H, Shraup, Lielig^s Annalen der Chemie, 189, 368]. In 
this salt the iron has four bonds. 

Sn" A. Forms Sn"". Proof: After adding excess of potassic hydrate it does 
not decolor potassium permanganate. 

AS'" j. Forms arsenic acid. Proof, same as above. 

Pe" I Becomes Pe"'. 

BROMINE. 

824. a. Bromine as an oxidizing agent is intermediate in strength between 
chlorine and iodine. In presence of acids it never acts as a reducing agent. 
in oxidizing it becomes Br~' ; that is, hydrobromic acid or a bromide. 

The tests for hydrobromic acid are given in 532, 541. 

A good method of proving the absence of free bromine is the addition of 
potassium iodide with carbon disulphide. 

HI b. Forms iodine and hydrobromic acid. In presence of potassium hydrate 
forms potassium iodate and bromide, 

HCyS €, Forms hydrocyanic, hydrobromic, and sulphuric acids. 

H^PeCy^ d. Forms hydroferricyanic and hydrobromic acids. 

For classified statement of the action of chlorine, bromine, and iodine 
upon metallic forms, see 820 A, i. 

Pb" /. Forms PbO, and Br"' (a bromide). With fixed alkali only. 

Hg' g. Forms Hg" and a bromide, in alkaline and acid mixture. 

Sn" h. Forms Sn"" and Br"' (a bromide). With fixed alkali and with acids. 
Proof: After addition of potassium hydrate, potassium permanganate 
is not decolored. 

Sb'" i. Forms Sb^ and Br""' (a bromide), with fixed alkali and with acids. 
Proof same as above. 

As'" j. Forms As^ and Br~' (a bromide). . 
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I 

Mn" Ic. Forms Mn Q^ and Br~' (a bromide), with fixed alkali. Not with acids. 

Co /. Forms Co,(OH), and Br"' (a bromide), " " 

m m. Forms Ni,(OH), and Br-' « '' 

Fe" n. Forms Pe'" and Br""' with fixed alkali and with acid?. 

In presence of fixed alkali, not with acids, it forms K^PeO^. 

Cr"' 0. Forms Cr^ and Br~', with fixed alkali and not with acids. 

HYDBOBBOMIC ACID. 

825. For general action see 820 i, and 532. 

HBrOj a. Forms Br° and water, all the bromine being liberated from both 
acids. 

HIO3 h. Forms iodine and bromine. 

PbO, c. Forms PbBr, and Br"*. 

Mn d. All compounds of manganese having more than two bonds are reduced 
to the dyad, and bromine is evolved, 

Co'" e. Co'" and Br"' forms Co" and Br"". 
Ni'" /. Nf" and Br"' forms Ni" and Br^. 
Cr^ g. Cr^ and Br"' forms Cr"' and Br"". 

BBOMIC ACID. 

826. Free bromio acid is so very instable that it is difiicult to experiment 
with. 

HI a. Forms free iodine and free bromine. 

HCyS I. Forms HCy, H,SO„ HBr. 

H^PeCy^ c. Forms hydroferricyanic and hydrobromio acids. 

Hg' d. Forms Hg" and Br~' (a bromide), 

Sn" e. Forms Sn"" and Br~'. Proof: Does not decolor KMnO^ after add- 
ing excess of EHO. 

Sb'" /. Forms Sb^ and Br""'. 
As'" g. Forms As^ and Br"'. 
Po" A. Forms Pe"' and Br-'. 



ti n u 
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IODINE. 



827. For the action of iodine upon the substances which precede it in the 
list given in 806, see the preceding paragraphs. 

H^PeCy^ a. Iodine is decolored by potassium ferrocyanide, and some potas- 
sium ferricyanide and potassium iodide are formed. The action 
is slow, and never complete [Qmelin's Hand-hoohj 7, 459]. 

Hg' h. Forms Hg" and I"' with fixed alkali or with acids. 

Sn'' c. Forms Sn'"' and I"' '' " « 

Sb'^' d. Forms Sb^ and I"' \^Mohr, Titrirmethode, 1870, 276], 

As"' e. In alkaline mixture gives I~' and As^. 

Mn'' /. Forms MnO^ and I"', with fixed alkali, not with acids. 

Co'' g. Forms Co^, and I"' " «« « 

Pe" A. Forms Pe''' and I-' « <« " 

Cr''' i. Forms Cr^ and I-' " " « 

"Ni" j. The bonds of Ni" are not changed by iodine. 

HYDBIODIC ACID. 

828. See 820 «. 

HIO3 a. Liberates all the iodine from both acids. 

H^PeCy^ b. Forms hydroferrocyanic acid and free iodine. The action is 
never quite complete. 

Pb'"' c. Forms Pb'' and free iodine. 

As^ d. Forms As"' and free iodine. 

Sb^ e. Forms Sb'" and free iodine (423). 

Cu" /. Forms Cu' and free iodine (270). 

Mn g. All compounds of manganese having more than two bonds are reduced 
to the dyad. If dilute hydriodic acid with KMnO^ is used, 
manganese peroxide is first formed, and if the permanganate is 
in great excess potassium iodate is formed [G. M. Donald, 
Amer. Jour. Pharmacy (3), 17, 393], 

Co'" h. Forms Co" and free iodine. 
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Ni'" i. Forms Ni'' and free iodine. 
Pe'" J. Forms Pe" and free iodine. 
Cr^ k. Forms Cr'" and free iodine. 

IODIC ACID. 

829. The action of iodic acid upon the other acids has already been given, 

HCyS a. Forms hydrocyanic and sulphuric acids and free iodine. 

H^PeCy^ h. Forms hydroferricyanic acid and free iodine. 

Sn" c Forms Sn"" and an iodide. 

Proof : After addition of potassic hydrate does not decolor potassium 
permanganate. 

Sb'" rf. Forms Sb^ and free iodine. Proof as above. 

As'" e. Forms As^ and free iodine. Proof as above. 

Pe" f. Forms Pe'" and free iodine. 

HYDROCYANIC ACID. 

830. In dilute solutions hydrocyanic acid is not readily oxidized, although 
some of the stronger, concentrated oxidizing agents decompose it. The pro- 
ducts formed have not been thoroughly investigated. 

THIOCYAinC OR SULPHOCYANIC ACID. 

831. For action of this upon other acids see 811 to 829. it is quite 
instable. On being liberated from its salts it is soon resolved into hydrocy- 
anic and persulphocyanic (H,Cy,S,) acids. 3HCyS = HCy -|- H^Cy^S. 
[Watts' Dictionary, 4, 378]. 

PbO, a. Forms Pb'' and sulphuric acid. In acid mixture only [B, A. Ha- 
dowy Jour. CTiem. Society, 11, 174], 

H3A8O, i. Forms As''' hydrocyanic and sulphuric acids. 

MnO, c. Forms Mn" and sulphuric acid. In acid mixture only. 

Mn^ d. Forms Mn", and in acid mixture, hydrocyanic and sulphuric acids. 
In alkaline mixture, cyanic, HCyO, and sulphuric acids are pro- 
duced [Wurti^s Dictionnaire de Ohimie, 3, 95]. 

Co'" e. Forms Co", hydrocyanic and sulphuric acids. 
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270 HtjDROferrictanic Acid — Lead Oxide. 

Nf" /. Forms Ni", hydrocyanic and sulphuric acids. 
Cr^' g. Forms Cr"', hydrocyanic and sulphuric acids. 

HYDROPERROCYANIC ACID. 

832. The action of this upon the other acids is given in 806. 
PbOj a» With sulphuric acid forms Pb" and hydroferricyanic acid. 

Ag' S. With fixed alkali, forms potassium ferricyanide and metallic silver. 

MnO, c. With phosphoric acid, gives Mn'' and hydroferricyanic acid. 

Mn^" d. Forms with potassium hydrate MnO, and potassium ferricyanide. 
With sulphuric acid, manganous sulphate and hydroferricyanic 
acid. 

Co"' e. With phosphoric acid, forms Co" and hydroferricyanic acid. 

Nf" /. With acetic acid, gives Ni" and hydroferricyanic acid. 

Cr^' g. With phosphoric acid, gives Cr"' and hydroferricyanic acid [^Schon- 
ieiuy Jour, fur Praht Chemie, 20, 145]. 

HYDROPEBBICYANIC ACID. 

833. For^ the action of this acid upon others, see those acids in preceding 
paragraphs. 

Pb" a. With potassium hydrate, forms PbO^ and potassium ferrocyanide 
[Watts' Dictionary, 2, 248]. 

•Sn" b. With potassium hydrate, forms potassium stannate, K^SnO,, and 
potassium ferrocyanide [Watts'^ Dictionary, 2, 248]. 

Mn" c. With potassium hydrate, forms MnO^ and potassium ferrocyanide 
[BoudauUy Jour* fur PraH. Chemie^ 36, 23]. 

Cr'" d* Forms in alkaline mixture a chromate and a ferrocyanide [Boudaultt 
Jour, de Pharmacie (3), 7, 437]. 

IiEAD OXIDE. 

834. The reducing action of Pb" upon acids has already been given, 
Sn" a* In alkaline mixture becomes Sn"", and metallic lead is formed. 
Mn^ J. Produces a black precipitate containing both lead and manganese. 
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LEAD PEROXIDE. 

836. For action of peroxide of lead upon acids, see preceding paragraphs. 

Hg' a. In acid mixture, changing Pb'"' to Pb", and Hg" is formed. 

Sn'' I, In acid mixture Pb"" becomes Pb", and in alkaline it is reduced to 
metallic lead, Sn''" being formed. 

As'" c. In alkaline and acid mixture becomes As^ and Pb". 

ULn!' d' In alkaline mixture gives Mn'"' and Pb", which uniting with excess 
of peroxide forms PbO,43iIiiO, [^Qibbs and ParJcman^ Amer. 
Jour, of Science (2), 39, 58]. 
In acid mixture forms permanganic acid. 

Pe" e. In acid mixture changes Pb"" to Pb", and Pe'" is formed. 

Cr'" /. In alkaline and acid mixture, Pb"" becomes Pb", and Or"' becomes 

8ILVEH OXIDE AND SALTS. 
836. For action of acids on silver salts see 813-835. 

Hg' a. Forms metallic silver in acid and alkaline mixture [OmeUn- Kraut y . 
Handbuch der Chemie, 3, 127]. 

As'" J. In alkaline mixture forms metallic silver, and an arsenate. 

Sb"' c. In alkaline mixture forms argentous oxide, Ag^O, and Sb^ [Bunsen], 

Cu' d. Becomes Cu", and metallic silver is formed [jET. Eose, Jour, fur 
PrahL Chemie, 71, 407]. 

Mn' e. In neutral and ammoniacal mixture forms Ag^O and Mn^O, [H.. 
Bosey Jahresberichte fur Chemiey 1857, 252]. 

Co" /. Forms in neutral and ammoniacal mixture Ag^O and COjO, [ff, 
Bose, Chemical Gazette, 15, 365]. 

Pe" g. In slightly acid solution, metallic silver is formed and Pe"'. In am- 
moniacal mixture Ag^O [ff. Bose, Jahresberichte fur Chemiey 
1857, 252]. 

Or"' h. With potassium hydrate, gives metallic silver and potassium chro- 
mate. 
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MEBCUSOnS OXIDE. 

837. Precipitated mercury is a little lighter in color than mercurous oxide, 
but when mixed with it is very difficult to identify in the presence of water. 
The method usually given is to digest with hydrochloric acid, and rub with a 
glass rod. A very tedious and unsatisfactory meSthod if another precipitate, 
and especially mercurous oxide, is mixed with it. 

A very good method is to permit it to settle, and decant, until thoroughly 
washed, then place in an evaporating dish and dry at a low temperature. The 
mercury will immediately collect in visible globules. 

Sn'' a. In presence of acids and alkalies gives metallic mercury and Sn"". 
As'" 5. In alkaline mixture, gives metallic mercury and As^. 

Sb'" c. In strong alkaline mixture, gives metallic mercury and Sb\ 

E^MnO^. d. In acid mixture, gives Mn" and Hg''. 

In alkaline mixture, gives Hg", and first a green manganate, Mn^, 
and finally Mn". 

Cr"' e. In alkaline mixture gives metallic mercury and Cr^. 

MEBCIJBIC OXIDE. 

838. For action of mercuricum upon other substances, see preceding para- 
graphs, 

Sn" a. In acid and alkaline mixture, first mercurous oxide, then metallic 
mercury and Sn"". 

As'" h In alkaline mixture, gives first Hg', then Hg° and As\ 

Sb'" c. In very strong alkaline mixture, gives first Hg', then Hg® and Sb^. 

Pe" d. In alkaline mixture, gives Hg' and Pe'". 

Or"' e. In alkaline mixture, gives first Hg', then Hg° Bnd a chromate. 

STANNOUS OXIDE. 

839. For reaction of stannous oxide with acids, see preceding pari^aphs. 

As'" a. With strong hydrochloric acid, elemental arsenic and stannic chloride 
are formed. 

As^ J. First Sn"" and As"' is formed, then as above. 

Bi'" c. In alkaline mixture, gives Sn"" and BiO. 
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Cu" d. In acid mixture forms Cu', in alkaline metallic copper and Sn"" [K 
Lenssen, Jour, fur Praht. Chemie, 79, 90]. 

Cd e. In alkaline mixture, gives metallic cadmium and Sn"". 

Mn^' /. In acid and alkaline mixture, gives Sn"", and Mn". 

Pe'" g. In acid mixture, changes Pe'" to Pe", and Sn"" is formed. 

Cr^' h. In acid and alkaline mixture, gives Sn'"' and Cr'''. 

840. Stannic Compounds. See 813, 814, 820, 822, 823, 827, etc. 

841. Antimonious Compoiinds. See 814, 820, 824, etc. 

Mn a. In acid mixture, all compounds of manganese having more than two 
bonds are changed to the dyad, Sb^ being formed. In alkaline 
mixture the result is the same, except that a residue remains, 
probably Mnfi^, 

Ni'" b. In alkaline mixture becomes Ni''. 

Cr^' c. In alkaline and acid mixture, gives Cr'" and Sb\ 

842. Antimonie Compounds. See 814, 820, 824. 

843. Arsenious Compounds. See 814, 815, 820, 824, 827, etc. 

Cu" a. In alkaline mixture. As"' becomes As^, and Cu' is formed. 

Mn^" and Mn"'' b. In acid mixture both are changed to Mn", As^ being formed. 
In presence of alkalies a precipitate remains, which is perhaps 
manganese arsenate. 

COjO, c. In acid mixture, gives As^ and Co". 

NijOj d. In acid and alkaline mixture, gives As^ and Ni". 

Cr^' e. In acid and alkaline mixture As'" becomes As^, and Cr"' is formed. 

8435^. Arsenious Hydride. 

HWOg. Forms arsenious and arsenic oxides and nitric oxide.* 

HNO3. Forms arsenious and arsenic oxides and nitric oxide. f 

H,SO,. Forms elemental arsenic, and probably a *Mower sulphide" of 
arsenic* 



* H. B. Parsons, Chemical NewSy 85, 235. 
t Gmelin's Hand-book qf Chemistry, 4, 263. 
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HjSO^. Forms elemental arsenic and sulphurous anhydride.f 

Later arsenious oxide and hydrosulphuric acid.J 

CI Arsenious and arsenic oxides and hydrochloric acid.f 

Br Arsenious and arsenic oxides and hydrobromic acid.f 

I Arsenious oxide and hydriodic acid.f 

HIO3 Arsenious oxide and iodine,* 

HMnO^ In neutral solution, arsenic and manganic oxides. In acid solution, 
arsenious and arsenic oxides and manganous salt. In alkaline 
solution, arsenious and arsenic oxides, and manganic oxide.* 

HCrO^ In alkaline solutions, elemental arsenic and chromic oxide.* 

844. Arsenic Compounds. See 811, 815, 817, 828, 831. 

845. Bismuth Compounds. For the reactions of bismuth, see 820 and 

839. 

846. Copper Compounds. § 

Cr'" a. In alkaline mixture Cu,0 is precipitated, and a chromate is formed. 

Pe" J), In acid mixture, Cu' and Pe'" are formed ; in alkaline, metallic cop- 
per separates. 

847. Manganous Compounds. See 820, 824, 827, etc. 

848. Manganese Peroxide. See 815, 817, 818, 821, 825, 828, 831, etc. 

849. Permanganates. § 

Co" c. In alkaline mixture MnO, and Co^O, are formed. 
Ni" d. In alkaline mixture MnO, and NijO, are formed. 
Pe" e. In acid mixture gives Mn" and Pe'". 

850. Cobaltous Compounds. See 820, 824, 827, etc. 

851. Cobaltic Compounds. See 811, 815, 817, 818, 821, 825, 828. 

852. Nickelous Compoimds. See 820, 824, etc. 

853. NickeUc Oxide. See 811, 815, 817, 818, 821, 825, 828. 



* H. B. Parsons, Chemical News, 86, 285. 

t Gmelin's fiand-ftooA qf Chaniatry, 4, 26S. 

t Watts' DictUmary, Supplement, 1, 218. 

S For other reactions of these substances, see preceding paragra^. 
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854. Ferrous Compounds. See 813, 814, 820, 823. 

855. Ferric Compounds. See 815, 817, 818, 828, 839. 

856. Chromic Compounds. See 820, 824, 827, 835. 

857. Chromic Acid. See 811, 813, 815, 817, 818, 825, 828, 831. 

PRECIPITATION OF METALS BY METALS. 

858. Metals frequently precipitate other metals from their solutions. Thus, 
in this list Au, Pt, Ag, Hg, Cu (Pb and Sn), Co, Cd, each metal precipitates all 
those which precede it, and is precipitated by all those which follow. Lead 
and tin precipitate all those which precede, and are precipitated by all those 
which follow ; neither precipitates the other completely. Further, all in the 
list are 'precipitated by Zn, Mg, Al, K, and Na. Iron precipitates ' copper, 
and those which precede, but is only partially precipitated by those which 
follow, owing to its tendency, when in a finely divided state, to take up 
oxygen. 

859. Nascent hydrogen, produced by action of acids upon metals, by 
action of water upon sodium amalgam, or by potassium or sodium hydrate 
upon metallic aluminium, reduces many acids. For example : Iodic become^ 
hydriodic or an iodide, in acid and in alkaline mixture. In the same way 
bromic and chloric acids are reduced to bromides and chlorides, and hydro- 
ferricyanic to hydroferrocyanic. In acid mixture, thiocyanic and sulphurous 
acids are reduced to hydrosulphuric, and hypophosphorus to PH,. 

EQUATIONS. 

860. It is recommended that the student write all the equations represent- 
ing the reactions given in this part. Below are given a few examples, which 
he should balance according to the principles given previously, using rule given 
in 810. It will be seen that in many cases an oxidizing agent is made to act upon 
two reducing agents, both in the same salt. Thus, in the 4th, the ferrosum and 
the hypophosphorous acid are both oxidized, and in the 8th both the mercu- 
rosum and the arsenious acids are oxidized, while in the 15th both the copper 
and arsenic are reduced. 

It is to be understood that the right-hand ingredients are to be used in 
excess, or in as great quantities as may be necessary to fully oxidize or reduce 
the first ingredients. It is also recommended that the teacher extend this list 
to several hundred for class use. 



1. Pb304 + Mn8(P04)2 + HNO, 

2. Pel, + HNOa 

3. BaH4(POa)a + KNO, -f HaS04 



4. PeH4(POa), + HNOs 

5. Pbs(AsO,)a + KOH + OI 

6. Pb8(AsO,), + Ol + H,0 + Hd 
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7. Hge(A80,)a + KOH + Ol 

8. Hg.(AsO,)a + Ol + aO + HOI 

9. Ora(N03)« + PbOa + KOH 

10. FeSO, + KOH -f Ol 

11. Pbia + KOH + Ol 

12. IVEnsCAsO,), -|- KOH + Ol 

13. NiH4(P03)3 + KOH + Ol 

14. HgSO. + Zn + HOI 

15. Ou3(A804)3 + HI 

16. Bi(OyS), + Al + HOI 

17. Fea(As04)a + HOI + H3S 

18. PbSOs + HaO + 01 

19. HgaOa04 + KOH + 01 

20. SnS + H2O + 01 

21. OdSOs + Zn + HOr 

22. MnSOs + HaO + Ol ' 

23. MnSOs + KOH -f Ol 

24. Or2(S08)s + KOH + Br 

25. Or2Hia(POa)6 + 01 + HaO 

26. OrHia(P02)« + KOH + Ol 

27. Oral. + KOH + Ol 

28. Orale + KOH + Br 

29. Pb(qyS)a + KOH + Ol 

30. Pb(OyS)a + HaO + Ol 

31. Ba(OyS)a + Ol + HaO 



32. Znla + KOH + Br 

33. Znla + KOH -f Ol 

34. Pela + KOH + Ol 

35. Fela + KOH + I 

36. Pb3(As04)3 + O + fusion 

37. Alale + Al3(I08)« + H3PO4 

38. KaOraOT + KNOa + H8PO4 

39. SrSOs + HaO + Ol 

40. Sr(OyS)a + HaO + Ol 

41. KaFe04 + Zn + HaPO* 

42. Hgs(As04)a -f- HsPOa • 

43. FeaCAaOOa + HsPOa 

44. Nia(OH)6 + Zn + HaSO* 

45. MnOa + Al + Ha804 

46. Fea(As04)a + K3S + HOI 

47. Fea(A804)a + Al + HOI 

48. FeSOs + Al + HOI 

49. KaShOa 4- BiOls + KOH 

50. Ou8(As04)a + HI 

51. Hg6(A808)a + KOH + Br 

52. Ou(I08)a + HI 

53. PbOr04 + HI 

54. Ou(N08)a + Bala + HaS04 

55. AgMn04 + HaS 

56. PbH4(POa)a + Zn + HaS04 



PBOBLEMS IN SYNTHESIS. 

861. For the sake of more thorough drill in the principles of oxidation, a 
few problems are here given ; a part of them the student should practically 
work at his table, but they are chiefly designed for class exercises. Special care 
should be taken that a pure product be formed, and that the ingredients be 
taken from the sources indicated. Thus, in the 31st, the chlorine for the am- 
monium chloride must be obtained from silver chloride, and the nitrogen of 
potassium nitrate must be converted into ammonia, and then united with the 
chlorine, and the product purified. 
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The student is not to suppose that these problems represent operations that 
are financially profitable, but merely chemical possibilities, and their solution 
will compel an accurate comprehension of a great variety of important prin- 
ciples. It is recoui mended that the teacher increase the number of these ; an 
ordinary class may with profit discuss from three to five hundred. 

1. Make pure mercuric bromide, from mercurous chloride and aluminic bromide. 



2. 


tt 


chromic chloride, 


(( 


potassium chromate 


(( 


hydrochloric acid. 


3. 


(t 


arsenic acid, 


tt 


potassium arsenite. 






4. 


(C 


potassium arsenate, 


tt 


potassium arsenite 


tt 


potassium hydrate. 


5. 


<« 


plumbic nitrate, 


i< 


plumbic chloride 


tl 


zinc nitrate. 


6. 


(< 


mercurous nitrate, 


it 


mercuric chloride 


tl 


bismuth nitrate. 


7. 


«( 


mercurous oxide, 


tt 


mercuric oxide. 






8. . 


(C 


mercuric bromide, 


it 


metallic mercury 


tt 


potassium bromide. 


9. 


tt 


mercuric bromide, 


it 


metallic mercury 


tt 


silver bromide. 


10. 


tt 


lead nitrate, 


»( 


lead dioxide 


it 


potassium nitrate. 


11. 


(t 


mercurous phosphate 


t( 

9 


phosphoric acid 


ti 


mercuric chloride. 


12. 


tt 


barium sulphate. 


tt 


lead sulphide 


tt 


barium hydrate. 


13. 


tt 


bar*m hypophosphite, 


t( 


calc'm hypophosphite 


\ ** 


barium chloride. 


14. 


tt 


lead chromate, 


tt 


chromic chloride 


tl 


lead sulphate. 


15. 


it 


chromic chloride, 


it 


potas acid chromate 


tt 


silver chloride. 


16. 


tt 


barium chromate. 


it 


chromic chloride 


tt 


barium sulphate.. 


17. 


it 


mercuric chromate, 


it 


mercuric sulphide 


ft 


chromium nitrate. 


18. 


tt 


chromium sulphate, 


tt 


potas. acid chromate 


It 


bismuth sulphite. 


19. 


It 


phosphoric acid, 


ii 


sodium phosphate. 






20. 


tl 


phosphorus. 


tc 


calcium phosphate. 




• 


21. 


t( 


lead iodate, 


it 


lead sulphate 


tt 


potassium iodide. 


22. 


it 


silver iodate, 


tt 


silver bromide 


tt 


potassium iodide. 


23. 


it 


ferric arsenate. 


it 


ferrous sulphide 


14 


arsenious acid. 


24. 


tt 


mercuric bromide, 


tt 


mercuric sulphide 


tt 


lead bromide, 


25. 


it 


ammonium sulphate. 


tt 


potassium nitrate 


tt 


sulphur. 


26. 


tt 


ammonium chloride, 


ft 


lead nitrate 


tt 


silver chloride. 


27. 


t< 


sodium chloride. 


ti 


sodium sulphate 


(< 


silver chloride. 


28. 


i( 


phosphorus, 


tt 


sodium phosphate. 






29. 


« 


lead sulphide, 


tt 


triplumbic tetroxide 


« 


bismuth thiocyanate. 


30. 


(< 


ferrous sulphite, 


tt 


ferrous chloride 


tt 


barium sulphate. 


31. 


(( 


ammonium chloride. 


tl 


potassium nitrate 


tt 


silver chloride. 


82. 


« 


mercurous nitrate, 


tt 


mercuric chloride 


tt 


potassium nitrate. 
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. Make pure potassiam sulphate, from sodium sulphite and potassium nitrate. 



84. 




mercurous chloride, 


(« 


mercurous sidphide 


(( 


ferric chlorate. 


85. 




potassium iodide. 


(< 


potassium chloride 


<( 


sodium iodate. 


86. 




sodium iodate. 


(( 


sodium chloride 


(( 


potassium iodide. 


37. 




sodium phosphate, 


<( 


potassium phosphate 


(( 


sodium chloride. 


38. 




potassium bromide. 


i( 


silver bromide 


(( 


potassium chloride. 


39. 




potassium chloride, 


(( 


silver chloride 


(( 


potassium bromide. 


40. 




strontium nitrate, 


(( 


strontium sulphate 


(( 


mercurous nitrate. 


41. 




mercurous sulphide, 


(( 


mercuric bromide 


it 


potassium sulphite. 


42. 




potassium sulphate. 


(< 


sodium sulphate 


ti 


potassium hydrate. 


48. 




sodium sulphate. 


(( 


potassium sulphate 


it 


sodium hydrate. 


44. 




potassium chromate. 


(( 


chromic chloride 


tt 


potassium hydrate. 


46. 




potassium iodide, 


n 


sodium iodate 


tt 


potassium nitrate. 


46. 




sodium iodate, 


« 


potassium iodide 


<( 


sodium nitrate. 


47. 




potassium chloride, 


<( 


sodium chloride 


(( 


potassium nitrate. 


48. 




potassium carbonate, 


i( 


oxalic acid 


tt 


potassium chloride. 


49. 




ammonium sulphate, 


(( 


potassium nitrate 


tt 


sodium sulphide. 


50. 




manganese peroxide, 


(( 


lead permanganate. 






51. 




arsenious sulphide. 


<( 


lead arsenate 


tt 


potas'm thiocyanate. 


52. 




arsenious sulphide, 


(( 


lead arsenate 


tt 


potassium sulphite. 


53. 




arsenious sulphide. 


(( 


silver arsenate 


tt 


barium sulphate. 


54. 




potassium nitrite, 


<< 


sodium nitrite 


it 


potassium chloride. 


55. 




lead f errocyanide. 


it 


cupric ferrocyanide 


tt 


metallic lead. 


56. 




arsenic acid, 


€1 


arsenious sulphide. 




' 


57. 




lead sulphide, 


(( 


lead sulphate. 






58. 




silver iodate. 


(( 


silver iodide. 






59. 




stannous chloride. 


« 


stannic bromide and silver chloride. 


60. 




sodium sulphite, 


(( 


sodium sulphate. 






61. 




sodium iodide. 


(( 


sodium iodate. 






63. 




lead sulphide. 


(( 


lead sulphite. 






63. 




lead sulphite. 


<( 


lead sulphide. 






64. 




sulphuric acid. 


<( 


arsenious sulphide. 






65. 




cadmium sulphite. 


(( 


cadmium sulphate. 




. 


66. 




ferrous sulphide. 


U 


ferric sulphate. 






67. 




cadm'm ferrocyanide 


ii 


cadmium ferricyanide. 




.68. 




stannous chloride. 


t( 


stannic sulphide 


and 


^<^mercuric chloride. 



gitizedbyLjOOgle 



Oxalates— Carbonates. 279 

69. Make pure ferric bromide, from ferrous sulphide and silver bromide. 



70. 


« 


mercuric bromide, 


(( 


mercurous chloride 


(( 


silver bromide. 


71. 




mercurous sulphide. 


(< 


zinc thiocyanate 


« 


metallic mercury. 


72. 




ammonium chloride, 


(< 


silver nitrate 


(< 


mercurous chloride. 


73. 




barium carbonate, 


(( 


calcium oxalate 


« 


barium chloride. 


74. 




sodium hydrate, 


« 


sodium aluminate. 






75. 




potassium hydrate 


it 


potassium stannate. 







862. A few general principles are here given to aid the student in solving 
the preceding problems. 

For the sake of brevity, the term all salts is frequently used, and it is to 
be understood that this does not include those of the rarer metals, but merely 
those of Pb, Ag, Hg', Hg", Sn", Bi, Cu", Cd, Zn, Al, Co", Ni, Mn", Pe", 
Fe"', Cr'", Ba, Sr, Ca, Mg, Na, and K. It must be borne in mind that the 
methods given are not always the best, but those only are chosen which involve 
principles of universal application. Should one desire in each case to learn the 
most economical method, in all its details, used by the manufacturer, he is 
referred to the works upon chemical technology. 



OXALATES. 

863. a. Oxalates are formed by treating the oxide, hydrate, or carbonate 
with oxalic acid. In this manner may be made all oxalates (862). 

J). By adding oxalic acid to some soluble salt of the metal. In this man- 
ner all oxalates (862) may be made except alkali, magnesium, chromic, 
ferric, aluminic, and stannic oxalates, which are not precipitated. Antimonious 
salts are precipitated, but the precipitate is basic. 

c. Alkaline oxalates will precipitate the same solutions as oxalic acid, but 
many of the precipitates are soluble in excess of the alkaline oxalate, and, as a 
rule, the salt found is a double one, e.g., AgNH^CjO^. The fourth group 
metals are well-defined exceptions to this rule — their precipitates, formed by 
this method, being normal oxalates. 

d. Some of the metals when finally divided are attacked by oxalic acid, 
hydrogen being evolved. 

CARBONATES. 

864. All the, metals, in list 862, can be converted into carbonates, except 
antimony, tin, aluminium, chromium, and ferricum. 

a* The alkaline carbonates precipitate solutions of all other metals, the pre- 
cipitate with antimony salts is an oxide. With tin, aluminium, chromium, and 
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ferricum it is a hydrate ; with silver salts, mercurous, cadmium, manganese, 
ferrous, and salts of the fourth group metals, it is a normal carbonate. In other 
cases the precipitate is a basic carbonate. 

i. The above carbonates may also be made by passing carbonic anhydride 
into the moist hydrate. Dry carbonic anhydride in no case combines with dry 
oxides. 

NITBITES. 

865. The nitrites are all soluble ; t h^ silver an d lead salts spari ngly. 
Nitrite of potassium may be made by fusion from the nitrate, oxygen being 

evolved, or by passing peroxide of nitrogen, N,0^, into potassium hydrate. 
Silver nitrite can be made from this by precipitation, and purified by recrys- 
tallization. 

Basic lead nitrite can be made by boiling lead nitrate with metallic lead. 
The other nitrites are made by transposition ; adding to silver nitrite, the 
chloride of the metal, which we wish to change to a nitrite, care being taken 
to add just enough. The nitrites of mercurosum, tin, antimony, bismuth, 
aluminium, iron, and chromium have not been made. 

NITRATES. 

866. Nitrates are all soluble, a. They are formed by the action of nitric 
acid upon metals, as described in 814. i. By dissolving the oxides, hydrates, 
or carbonates of the metals in nitric acid. Mercurous, stannous, manganous, 
and ferrous nitrates should not be evaporated to expel excess of nitric acid, 
since a higher metallic form would result. The crystals may be washed in 
cold water, to free them from the uncombined acid. All nitrates are decom- 
posed by heat ; a few, the alkalies and alkaline earths, first evolve oxygen and 
form nitrites, afterward a mixture of oxygen and nitrogen, leaving the oxides; 
others, either free nitric acid or a mixture of the oxides of nitrogen, until only 
the oxide of the metal remains. There are two exceptions, silver and mercury, 
in which cases only the free metals remain. 

867. HYPOPHOSPHITES. 

a. The hypophosphites are prepared by neutralizing the acid with bases ; 
J, by double decomposition, adding the sulphates to barium hypophospbite. 
All the metals (862) form hypophosphites except mercurosum, copper, and 
tin. The silver and ferric salts are not very stable. 

PHOSPHATES. 

868. Phosphates can be made by adding phosphoric acid to the oxides, 
hydrates, or carbonates of the metals ; but by this method it is usually diffi- 
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cult to add just a sufficient amount to make the normal salts. It is better to 
make them by precipitation. The normal silver, mercurous, bismuth, cadmi- 
um, zinc, manganous, cobaltous, nickel, and chromic phosphates are made by 
adding disodic hydrio phosphate to solutions of the respective metals. A part 
of the acid with which the metal was combined is set free. Cupric and ferrous 
phosphates require the metallic solution to be added to the disodic hydric 
phosphate. (The reverse process gives some dimetallic phosphates.) Lead, 
aluminium, and ferric salts must be made from the acetates ; mercuric from the 
nitrate (not chloride). The stannous salt made by precipitation from chloride 
contains stannous chloride, and the antimony salt is very basic. Disodic 
hydric phosphate throws down the alkaline earth metals, as dimetallic. To 
make the normal salts the trimetallic sodium phosphate should be used. The 
dimetallic phosphates of barium, strontium, and calcium may be made normal 
by addition of ammonium hydrate, but the magnesium salt, by this treatment, 
becomes MgNH^PO^. The phosphates are all soluble in phosphoric acid 
except the lead, mercurous, and bismuth salts. 

SIJLFHIDES. 

869. The sulphides of the first three groups, as also the method of making 
them, are too familiar to require description. The sulphides of the alkaline 
earths are usually made from the sulphates by fusion with charcoal. They 
are partially decomposed by water. 

SUIiPHITES. 

870. The sulphites are usually made by action of sulphurous acid upon the 
oxides or hydrates of the metals. They are normal, except mercurous, which 
is acid, and chromium, aluminium, and copper, which are basic. Sulphurous 
acid precipitates solutions of metals of the first and second groups, except cop- 
per and cadmium. 

The sulphites of the alkalies precipitate solutions of the other motals except 
chromium salts ; and some normal sulphites may be made in this manner. 
The sulphites of silver, mercury, copper, and ferricum (known only in solution) 
are instable, the sulphurous acid becoming sulphuric at the expense of the 
base, which is reduced to a form having a less number of bonds. With the 
instable stannous sulphite the action is the reverse. (See 818.)" All sulphites 
by exposure to the air slowly absorb oxygen, and are partially converted into 
sulphates. 

SULPHATES. 

871. Sulphates are made, a, by dissolving the metals in sulphuric acid, 
819 ; h, by dissolving the oxides or hydrates ; c, by displacement. All salts 
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containing volatile acids are displaced by sulphuric acid and a sulphate formed 
(except the chlorides of silver, mercury, and tin). The excess of acid may 
generally be expelled by evaporation, or the crystals washed with cold water 
or alcohol. 

The insoluble sulphates are best made by precipitation. 

CHLOBIDES. 

872. Chlorides may be made, a, by direct union of the elements, mostly 
without heat. Whether an otis or ic salt is formed depends upon the amount 
of chlorine used, t. By the action of hydrochloric acid upon the correspond- 
ing oxides, hydrates, carbonates, or sulphites, with the exception of antimony 
and bismuth salts, which become basic. The solutions formed may be evapo- 
rated to expel excess of acid. If the chlorides thus formed contain water of 
crystallization it cannot be removed by heat alone, for part of the acid is by 
this means driven off, and a basic salt remains. If the anhydrous chloride is 
desired, it may always be made by a, and when thus formed may be 
sublimed without decomposition, c. Chlorides of the first group are best made 
by precipitation. Exception : Mercuric chloride does not precipitate Uad 
salts, d. Metals soluble in hydrochloric acid evolve hydrogen and form 
chlorides. In these cases oics^ and not ic, salts are formed. 

CniiOBATES. 

873. Chlorates may be made by action of chloric acid upon the oxides, 
hydrates, or carbonates of the metals, or by adding barium chlorate in mole- 
cular proportions to soluble sulphates. By these methods all (862) the normal 
chlorates may be made. The mercurous and ferrous salts are very instable, 
and those of antimony, tin, bismuth, and manganese are not with certainty 
known. 

BB.OMIDES. 

874. Metallic "bromides may be made, a, like chlorides, 872, a, but the 
action is less rapid, and in some cases heat is required ; h, like chlorides, 872, 
5, with the same precautions throughout ; c, first group metals are best made 
by precipitation. Mercuric bromide may be precipitated from mercuric 
nitrate, but not from mercuric chloride. And, d, like chlorides, 872, dy but 
fewer bromides can be made by this method. 

IODIDES. 

875. Metallic iodides may be made, a, like chlorides, 872, a. Iodine 
unites less readily with metals than chlorine or bromine, but by the aid of 
heat they may all be formed if the metal is finely divided. 
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b. Like chlorides, 872, J. c. Iodides of the first group, and cuprosum, are 
best made by precipitation, d. Like 860, dy except that many of the heavy 
metals are insoluble in hydriodic acid. 

Cupric iodide is not known. Ferric iodide is known only in solution, 

lODATES. 

876. lodates are made by action of iodic acid on the oxides, hydrates, or 
carbonates of the metals. In this manner are made the normal iodates of lead, 
silver, mercury, bismuth, copper, cadmium, zinc, cobalt, nickel, manganese, 
barium, strontium, and calcium. Other iodates may be thus made, but their 
precise composition is not determined. 



Digitized by VjOOQ IC 



APPENDIX. 



SOLUBILITIES OF METALLIC SALTS. 



s 


L THJa SALTS OF EACH BASB. 




Solitble in water. 




' InaolvMe in water. 


mmlJXKOlLSOXUOlL 


Acetate. 




Antimoniate. 




Bromide. 




Arseniate. 




Chlorate. 




Borate (instable). 




Chloride. 




Hydrate. 




lodate. 




Oxalate (sparingly soluble). 




Iodide (instable). 




Phosphate. 




Nitrate. 








Nitrite. 








Silicofluoride. 








Sulphate. 








Sulphite. 








Sulphocyanate. 








Tartrate. 












Phosphomolybdate. 




AU eocc&pt those named in 


the 


Platinie Chloride (rery sparingly soluble). 




other column. 




Acid Tartrate (sparingly soluble). 
Nitrophenate (sparingly soluble). 


AntimoniouB 


Acetate. 




Arseniate. 




Fluoride. 




Chromate. 




Tartrate. 




Oxalate (sparingly soluble). 

Oxide. 

Phosphate. 

Sulphide. 

Sulphite. 








Tannate, 










Bromide, 










Chloride, 


. Soluble in dilute add. 








Iodide, 










Sulphate, 
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Arsenious 



Soluble in water. 
Oxide (sparingly). 



Insoluble in water. 
Bromide, \ 

Chloride, (■ Decomposed. 
Iodide, ) 

Sulphide. 



Baziiun Acetate. 

Bromide. 
Chlorate. 
Chloride. 
Citrate. 
Cyanate. 

Ferricyanide (sparingly). 
Ferrocyanide. 
Hydrate paringly). 
Iodide. 
Nitrate. 
Sulpharsenite. 
Sulphides. 
Sulphocyanate. 
Thiosulphate (sparingly). 



Carbonate. 

Chromate. 

Cyanide (sparingly soluble), 

lodate. 

Manganate. 

Molybdate. 

Oxalate. 

Phosphate. 

Silicofluoride. 

Sulphate. 

Sulphite. 

Tartrate. 



Bismuth 



Acetate. 

Bromide> 

Chlorate, 

Chloride, 

Nitrate, 

Sulphate, 



Soluble in 
acidulated, 
decomposed 
by pure 
water. 



Arseniate. 

Borate. 

Carbonate (basic). 

Chromate. 

Citrate. • . 

Ferrocyanide. 

Hydrate. 

lodate. 

Iodide (decomposed). 

(Basic) Nitrate. 

Oxalate. 

Phosphate. 

Sulphide. 

Tartrate. 

Tannate. 



Cadmium 



Acetate. 

Bromide. 

Chloride. 

Iodide. 

Nitrate. 

Sulphate. 



Borate (sparingly soluble). 

Carbonate. 

Chromate. 

Citrate (sparingly soluble) 

Hydrate. 

Oxalate. 

Phosphate. 

Sulphide. 

Tartrate. 
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Soluble in water, 
Oaldum Bromide. 

Chlorate. 
Chloride. 
Chromate. 
Cyanide. 
Ferricyanide. 
Ferrocyanide. 
Hydrate (sparingly). 
Hypophosphite. 
Iodide. 
Nitrate. 
Sulpharsenite. 
Sulphides. 
Sulphocyanate. 
Thiosulphate. 



Insoluble in water. 
Antimoniate. 
Arseniate. 
Arsenite. 

Borate (sparingly soluble). 
Carbonate. 
Citrate. 

Ferrocyanide (Potassio). 
lodate (sparingly soluble). 
Molybdate. 
Oxalate. 
Phosphate. 

Sulphate (sparingly soluble). 
Tartrate (sparingly soluble). 



Cerium Acetate. 

Chloride. 
Sulphate (hydrated). 



Carbonate. 

Ferrocyanide. 

Hydrate. 

Oxalate. 

Phosphate. 

Sulphate (anhydrous). 

Sulphate (Potassio). 



Ohromium 



Cobalt 



Copper 



Acetate. 


Arseniate. 


Bromide. 


Hydrate. 


Chloride. 


Phosphate. 


Iodide.. 




Nitrate. 




Oxalate. 




Sulphate. 




Sulphite. 




Acetate. 


Antimoniate. 


Bromide. 


Arseniate. 


Chloride. 


Arsenite. 


Iodide. 


Borate. 


Nitrate. 


Carbonate (basic). 


Sulphate. 


Chromate (basic). 


Sulphocyanate. 


Cyanide. 


Tartrate. 


Ferricyanide. 




Ferrocyanide. 




Hydrate. 




Oxalate. 




Phosphate. 




Sulphide. 


Acetate. 


Antimoniate. 


Chlorate. 


Arseniate. 


Chloride. 


Arsenite. 
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Soltible in water. 


Insohible in water. 


Copper 


Nitrate. 


Borate. 




Permanganate. 


Carbonate (basic). 




Sulphate. 


Chromate (basic). 




Sulphocyanate. 


Citrate (sparingly soluble). 

Cyanide. 

Ferricyanide. 

Ferrocyanide. 

Hydrate. 

lodate. 

Iodide (decomposed). 




' 


Iodide (cuprous). 
Oxalate. 
Phosphate. 
Sulphide. 






Sulphite (sparingly soluble). 


Glucinium 


Chloride. 


Carbonates (basic). 




Sulphate. 


Ferrocyanide. 

Hydrate. 

Phosphate. 


Gold: 




• • 


Awric 


Bromide. 


Cyanide. 




Chloride. 


Iodide (decomposed). 
Sulphide. 


Iron : 






Ferrous 


Acetate. 


Antimoniate (slightly soluble). 




Bromate. 


Arseniate. 




Bromide. 


Arsenite. 




Chlorate. 


Borate. 




Chloride. 


Carbonate. 




Citrate. 


Cyanide. 




Iodide. 


Ferricyanide. 




Nitrate. 


Ferrocyanide. 




Silieofluoride. 


Bydrate. 




Sulphate. 


lodate (sparingly soluble). 




Sulphocyanate. 


Molybdate. 




Thiosulphate. 


Oxalate, 

Phosphate. 

Sulphide. 

Sulphite. 

Tannate. 

Tartrate (slightly soluble). 


Ferric 


Acetate. 


Antimoniate. 




Bromate. 


Arseniate. 




Bromide. 


Arsenite. 




Chlorate. 


Borate. 




Chloride. 


Chromate (decomposed). 




Citrate. 


Ferrocyanide. ^^ i 
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Soluble in Water. 


Insoluble in Water, 


Iron: 




Ferric Femcyanide. 


Hydrate. 


Iodide. 


lodate (sparingly soluble). 


Nitrate. 


Oxalate (slightly soluble). 


Silicofluoride. 


Phosphate. 


Sulphate. 


Sulphide. 


Sulphite (instable). 


Tannate. 


Sulphocyanate. 




Tartrate. 




Lead Acetate. 


Antimoniate. 


Acetate (basic). 


Arseniate. 


Chlorate. 


Arsenite. 


Nitrate. 


Borate. 


Nitrite. 


Bromate (sparingly soluble). 




Bromide (sparingly soluble). 




Carbonate (basic). 




Chloride (sparingly soluble). 




Chromate. 




Citrate. 




Cyanide. 




Ferricyanide. 




Ferrocyanide. 




Fluoride (sparingly soluble). 




Hydrate. 




lodate. 




Iodide (sparingly soluble). 




Molybdate. 




Oxalate. 




Phosphate. . -- 
Sulphate. ) -^ 1^*-^ 




Sulphide. 




Sulphite. 




Sulphocyanate (sparingly soluble). 




Tannate. 




Tartrate. 




Thiosulphate (sparingly soluble). 


Lithium Acetate. 


Carbonate (sparingly soluble). 


Chlorate. 


Phosphate. 


Chloride. 


Silicofluoride (sparingly soluble). 



Chromate, 

Citrate. 

Hydrate. 

lodate. 

Iodide. 

Nitrate. 

Oxalate. 

Sulphate. 

Sulphide. 

Tartrate. 



^ 
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Magnesium 



Manganese 



Merourons 



Mercimc 



SolMe in Water, 


Insoluble in Water. 


Acetate. 


Aluminiate. 


Bromide. 


Antimoniate. 


Chlorate. 


Arseniate. 


Chloride. 


Borate. 


Chromate. 


Carbonate (basic). 


Cyanide. 


Hydrate. 


Ferricyanide. 


Oxalate (sparingly soluble). 


Ferrocyanide. 


Phosphate. 


lodate. 




Iodide. 




Molybdate. 




Nitrate. 




Nitrite. 




Permanganate. 




Sulphate. 




Sulphide. 




Sulphite (sparingly). 




Tartrate (sparingly). 




Thiosulphate. 




Acetate. 


Antimoniate. 


Chlorate. 


Arseniate. 


Chloride. 


Borate. 


Chromate. 


Carbonate. 


Iodide. 


Cyanide. 


Nitrate. 


Ferricyanide, 


Sulphate. 


Ferrocyanide. 


Sulphocyanate. 


Hydrate. 


Tartrate. 


Oxalate. 


Thiosulphate. 


Phosphate. , 




Sulphide. 




Sulphite. 


Acetate (sparingly). 


Borate. 


Chlorate (sparingly). 


Bromide. 


Nitrate. 


Chloride. 


Sulphate (sparingly). 


Chromate. 




Citrate. 




Ferricyanide. 




Ferrocyanide. 




Iodide. 




Oxalate. 


_^^M 


J^ Oxide. 


/^ 


Phosphate. 


f 


Sulphide. 


1 


Sulphocyanate. 


Acetate. 


Arseniate. 


Bromide (sparingly). 


Arsenite. 


Chlorate. 
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SolMe in Water. 


Insoluble in Water. 


Mercuric 




Carbonate (basic). 




Chloride. 


Citrate. 




Chromate (sparingly). 


Ferrocyanides (instable). 




Cyanide. 


Iodide. 




Nitrate (in acidulated water). 


Oxalate (sparingly soluble). 




Sulphate '* " 


Oxide. 




Sulphocyanate (sparingly). 


Phosphate, 
Sulphide. 
Sulphite. 
Tartrate. 


Nickel 


Acetate. 


Arseniate. 




Bromide. 


Borate. 




Chloride. 


Carbonate (basic). 




Chromate (acid salt). 


Cyanide. 




Citrate. 


Ferricyanide. 




Iodide. 


Ferrocyanide. 




Nitrate. 


Hydrate. 




Sulphate. 


Oxalate. 

•Phosphate. 

Sulphide. 


PalladiooB 


Bromide. 


Cyanide. 




Chloride. 


Iodide. 




Nitrate. 


Oxide. 

Sulphate (decomposed). 

Sulphide. 


Platinio 


Bromide. 


Iodide (soluble as acid salt). 




Cyanides (double). 


Oxide. 




Nitrate. 


Sulphide. 




Sulphate. 





Potassiiim 



All except those named in the 
other colvmm. 



Nitrophenate (sparingly sol.) 
Perchlorate (sparingly sol.) 
Platinic chloride (sparingly sol.) 
Phosphomolybdate (sparingly sol.) 
Silicofluoride (sparingly sol.) 
Tartrate (acid), (sparingly sol.) 



Silver Acetate (sparingly). 

Chlorate, 
Fluoride. 
Hypophosphite. 
Lactate. 
Nitrate. 
Nitrite. 

Permanganate (sparingly). 
Sulphate (sparingly). 



All except those in the other eohmn. 
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Solvhle in Water. 


Insoluble in Water. 


Sodium 




Antimoniate. 




AU except tJiose in the other 


Silicofluoride (sparingly). 




column. 




Strontium 


Acetate. 


Borate. 




Arsenite (sparingly). 


Carbonate. 




Bromide. 


Chromate (sparingly soluble). 




Chlorate. 


Citrate. 




Chloride. 


Hydrate (slightly soluble). 




Cyanide. 


Molybdate. 




Femeyanide. 


Oxalate (sparingly soluble). 




Ferrocyahide. 


Phosphate. 




Hypophosphite. 


Sulphate (slightly soluble). 




lodate (sparingly). 


Tannate. 




Iodide. 


Tartrate. 




Nitrate. 






Nitrite. 






Sulphocyanate. 






Thiosulphate. 




Tin: 






Stammis 


Acetate. 


Arseniate. 




Bromide. 


Borate. 




Iodide. 


Ferrocyanide. 




Sulphate. 


Hydrate. 




Tariirate (sparingly). 


lodate. 




Nitrate ' \ ^° ^^i^^^*^'*^'^ water. 


Oxalate 




Phosphate. 






Sulphide. 


Stammc 


Acetate. 


Chromate. 




Bromide. 


Ferrocyanide. 




Chloride. 


Hydrate. 




Nitrate (instable). 


Iodide (instable). 




Oxalate. 


Oxide. 




Sulphate. 


Phosphate. 
Sulphide. 


UranouB 


Acetate. 


Carbonate. 




Bromide. ' ' '* . 


Ferrocyanide. 




Chloride. 


Hydrate. 




Iodide. 


Oxalate. 




Nitrate. 


Phosphate. 




Sulphate. 


Sulphide. 
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Uraaic 



Zinc 



Solitble in Water. 


Insolvhle in Water. 


Acetate. 


Carbonates (potassio, etc.) 


Bromide. 


Ferrocyanide. 


Chloride. 


Hydrate. 


Nitrate. 


Oxalate. 


Sulphate. 


Phosphate. 


Acetate. 


Antimoniate. 


Bromide. 


Arseniate. 


Chlorate. 


Borate. 


Chloride. 


Carbonate (basic). 


Chromate. 


Cyanide. 


Iodide. 


Ferricyanide. 


Nitrate. 


Ferrocyanide. • 


Permanganate. 


Hydrate. 


Sulphate. 


lodate (sparingly soluble). 


Sulphite (sparingly). 


Oxalate. 


Thiosulphate. 


Phosphate. 




Sulphide. 




Tartrate. 



n. soLUBiLiniss of the salts of baoh acid. 

Concerning salts insoluble in water, it is stated by what acids they are transposed, 
and from this it will be seen by what acids they may be dissolved, i.e,, changed to com- 
pounds soluble in water. Concerning the transposition of salts soluble in water, see 19. 
As to the solution of salts insoluble in water (and acids) by decomposition with cUkalies, 
see 677. For more specific statements as to decomposing and dissolving agents, refer to 
the descriptions of the acids in question in the text. 

Acetates. All soluble in water; Silver and Mercurous are sparingly soluble. 

Arseniates. Closely resemble the (ortho)phosphates, both in solubilities and in transpo- 
sition with acids. 

Arsenites. Those of the Alkali bases are soluble. Those of Barium and Strontium, 
sparingly soluble ; the others are insoluble in water, but transposed by dilute acids. 

Borates. Only those of the Alkali bases are freely soluble in water ; many of the others 
being slightly soluble. They are trcmsposed by all acids, except carbonic. Some of 
the metals form non-normal borates. 

Bromates. All soluble in water; Silver, Lead, and Mercurous, sparingly soluble. 

Bromides. Silver, Lead, and Mercurous, insoluble ; Mercuric, sparingly soluble ; Bis- 
muth, instable ; all others soluble in water. The bromides insoluble in water are 
scarcely transposed vyith sulphwric acid, or toith dilute nitric acid (533). 

Carbonates. Those of the Alkali bases only a/re soluble in water. The acid carbonates 
less abundantly than the normal. Most of the others are made slightly soluble by 
free carbonic acid. Carbonates are transposed by all acids, except hydrosulphuric 
and hydrocyanic. The pseudo-triads do not form carbonates ; some other heavy 
metals form basic carbonates in the wet way. 
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Chlorates. AU soluble in water. Potassium chlorate but moderately soluble. 

Chlorides. Silver and Mercurous, insoluble ; Lead, slightly soluble ; all others soluble 
in water; antimonious, stannous and bismuth, soluble in acidulated water. 

Chromates. Those of the bases of the Alkalies, and Magnesium, Calcium, and Zinc, 
are soluble in water; Strontium and Mercuric, sparingly soluble; nearly all others 
insoluble. Iron, Manganese, and Copper form chromates not normal — some of 
which are soluble in water, but chiefly instable in solution. 

Citrates. Those of the Alkali bases are freely soluble in water ; of Iron, Copper, and 
Zinc, moderately soluble ; the other {single) citrates, mostly insoluble ; the double 
citrates mostly soluble. The insoluble citrates are transposed by dilute mineral 
acids. 

Cyanides. Mostly insoluble in water ; except those of the Alkali and Alkaline earth 
metals, and double cyanides containing these. Barium cyanide is sparingly soluble. 
Cyanides are tramsposed by nearly all acids, even when dilute. 

Ferricyanides. Those of the Alkali and Alkaline earth bases are soluble in water ; that 
of Barium, sparingly. A considerable number of the others are insoluble in water, 
ahd certain of the bases do not form ferricyanides. See 633. They differ as to 
transposition with acids, but those insoluble are transposed by alkalies. 

Ferrocyanides. Those of the Alkali bases ami of Magnesium, Calcium (not the potassio 
calcium), and Strontium are soluble in water. See 629. Those insoluble differ as 
to transposition by acids, but are transposed by alkalies. 

Fluorides. TTiose of the Alkali bases are freely soluble in water ; those of the Alkaline 

earth metals insoluble ; of Copper, Bismuth, Cadmium, Ferricum, and Zinc, 

v sparingly soluble ; Silver, Tin, and Mercuric, soluble. The insoluble fluorides are 

transposed by strong sulphuric acid, and less easily by hydrochloric and nitric 

acids. 

Hypochlorites. All soluble in water. (Decomposed by all acids.) 

Hypophosphites. All soluble in water, (Decomposed by nearly all acids.) 

lodates. Only those of the Alkali bases are freely soluble; the others insoluble, or 
sparingly soluble. Calcium, sparingly soluble ; Barium, Silver, and Lead, insolu- 
ble. Transposed by moderately dilute mineral acids— those of Silver and Lead by 
nitric acid not dilute. 

Iodides. Silver, Lead, Mercurous, Mercuric (and Palladious), insoluble in water. Bis- 
muth, and to some extent Copper iodides, are decomposed by water without solu- 
tion. (295.) The others are soluble. The insoluble Iodides are tra/nsposed with 
difficulty, or not at all, by sulphuric acid or nitric acid. (556.) 

Nitrates. All soluble in water. 

Nitrites. All soluble in water; Silver, sparingly. 

Nitrophenates. All soluble in water; Potassium, Ammonium, and Lithium, very 
sparingly ; most others, more freely. 

Oxalates of the Alkali bases are soluble ; Chromium and Stannic oxalates, soluble ; 
Magnesium and Ferric oxalates, sparingly soluble ; the others chiefly insoluble or 
slightly soluble. Tra/nsposed by sulphuric, hydrochloric^^and nitric acids, not by 
acetic. 
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Permanganates, AU solvhle in water ; Silver, sparingly. A number of the bases de- 
compose the acid radical. 

Phosphates (ortho-). Of the di- and tri-metallic salts, only those of the ordinary AlJccUi 
bases are soluble in water, (Lithium, insoluble.) Those two-thirds hydric ("acid 
phosphates ") are all soluble in water, to some extent. Acetic acid transposes most 
of the insoluble phosphates, except those of Iron, Aluminium, and Lead ; and 
dilute hydrochloric, nitric, and sulphuric acids transpose all phosphates (partly or 
whoUy, 707). 

Pjrrophosphates are insolvhle in water, except those of the common Alkali bases. They 
are scarcely at all transposed by acetic acid, but yield their bases to the stronger 
acid radicals. 

Metaphosphates of the common Alkali bases, only, are soluble in water. They are not 
transposed with acetic acid, and some of them not readily by other acids when 
dilute. 

Silicates. Th^se of the Fixed Alkali bases, only, are soluble in water. These, in solu- 
tion, are transposed by all acids. Of the silicates insoluble in water, many are 
transposed with hydrochloric or sulphuric acid, but the larger number of the 
natural silicates resist acids. . All are decomposed by hydrofluoric acid, and by the 
fixed alkalies. 

Sulphates. Those of Barium, Lead, Strontium, Calcium, are insoluble in water, the 
last-named being slightly soluble. (77.) Argentic and Mercurous sulphates are 
sparingly soluble. Mercuric, Antimonious, and Bismuth sulphates require acidu- 
lated water for solution. All others are soluble in water. Sulphates are not trans- 
posed with acids, at ordinary temperatures. 

Sulphites. Those of the Alkali bases are soluble — all others insoluble, or very sparingly 
soluble in water. Those of the Alkaline earth metals are somewhat soluble in 
solution of sulphurous acid. All sulphites are transposed by acetic and the mineral 
acids. 

Sulphides. Of the bases of the Alkalies and Alkaline earths, soluble ; the others insolu- 
ble in water. The earth metals do not form sulphides. Sulphides of the third 
group metals are transposed with dilute acids : those of the second group metals 
(except Mercury), transposed or decomposed by hydrochloric, nitric and sulphuric 
acids. 

Sulphocyanates. Those of Alkali and Alkaline^ earth bases, and of Iron, Manganese, 
Zinc, Cobalt, and Copper, are soluble in water. Mercuric, sparingly soluble. The 
others are transposed by dilute acids. 

Tartrates. Those of the Alkali bases are soluble in water, the acid tartrates of Potas- 
sium, Ammonium, Rubidium, and Caesium, but sparingly soluble. Manganous, 
Ferric, Cobalt, Stannous, and Antimonious tartrates are soluble ; Calcium tartrate, 
slightly soluble. The other tartrates, not soluble in water, are mostly somewhat 
soluble in solution of tartaric acid, and mostly soluble in solutions of Alkalies (as 
double tartrates) ; also transposed by the mineral acids. 

Thiosulphates. All soluble in water ; those of Barium, Lead, and Silver, sparingly 
soluble in water, but made soluble as double salts. Decomposed by all acids, 697. 
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REAGENTS.* 

[Aq. = HaO as crystallization water.] 

Acid, Acetic, H(OaHsOa). Sp. grav. 1.04. 30 p.c. acid. 

Hydroohlozic, HOI. Sp. grav. 1.13. 24 p.c. acid. 

Hydrosulphuric, HaS. Water saturated with the acid (663). 

HydrofluosiUoic, (HF)aSiF4. (746.) 

Nitric, HNOs. Sp. grav. 1.2 (33 p.c. acid). 

Nitro-hydrochloric, NOCla -{- CI. About one part of concentrated Nitric to 8 
parts of llydrochloric acid. 

Nitrophenic, HC«Ha(N0a)80. (600.) 

Oxalic, HaOa04. 3 aq. Crystals dissolved in 10 parts of water. 

Sulphuric, HaS04. Concentrated, sp. grav. 1.843. 

Tartaric, H2(04H406). Crystals dissolved in 3 parts of water. 

Ohlorine Water, Ol. Water saturated with chlorine (501). 

Alcohol, OaHeO. Sp. grav. .815. About 95 p.c. 

Ammonium Ohioride, NH4OL One part crystallized salt in 8 parts of water. 

Ammonium Carbonate, (NH4)2C08. One part of crystallized salt in 4 parts water, with 
one part of solution of Ammonia. As a solvent for arsenious sulphide, the reagent is 
prepared without the addition of solution of ammonia, (NH4)4H2(OOs)8. 

Ammonium Hydrate, NH4OH. Sp. grav. .96. 10 p.c. NHs. 

Ammonium Molybdate, (NH4)aMo04. Solution in Nitric acid. 

Ammonium Sulphide, (NH4)aS, colorless; (NH4)a8a or NH4HS, yellow ; solution of 
ammonia, treated with hydrosulphuric acid. 

Ammonium Oxalate, (NH4)30a04. One part of the crystallized salt (aq.) in 34 parts of 
water. 

Barium Chloride, BaOla. One part of the crystallized salt (3 aq.) to 10 parts of water. 

Barium Carbonate, BaCOs. (87). 

Barium Hydrate, Ba(OH)a. A saturated water solution (77). 

Barium Nitrate, Ba(N08)a. One part to 15 of water. 

• In the greater number of cases, reagents should be "chemically pure." Different uses require dif- 
ferent degrees of purity. An article of sodium hydrate contaminated with chloride, may be used in some 
operations ; not in others. Those who have had training in analysis can do without specific directionB, 
which cannot be made to cover all circumstances ; and the beginner must depend on others for the selection 
of reagents. 
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Calcium Chloride, CaCla. One part salt (6 aq.) dissolved in 8 parts of water. 

Calcium Hydrate, Ca(OH)a. A saturated water solution (103), also the dry solid. 

Calcium Sulphate, CaSOi. A saturated water solution (77). 

Carbon Disulphide, CS3. (539.) 

Cobaltous Nitrate, Co(N08)3< One part crystallized salt (5 aq.) dissolved in 8 parts of 
water. 

Copper Sulphate, CUSO4. One part of the crystallized salt (5 aq.) in 8 parts of water. 

Zither, (C2H6)aO. Sp. grav. Not over .728 — containing not over 5 p.c. alcohol. 

Ferrous Sulphate, FeS04. One part crystallized (7 aq.)in 10 parts of water (169). 

Ferric Chloride, FeaCle- One part of the solid salt (6 aq.) to 15 parts of water. 

Gold Chloride, AuCls. Prepared by dissolving pure gold — which may be obtained by 
precipitation with Oxalic acid — in nitro-hydrochloric acid, evaporating to dryness on 
the water-bath, and dissolving in water. 

Lead Acetate, Fb(CaH80a)a. One part of the crystallized salt (3 aq.) dissolved in 10 
parts of water. 

Magnesium Sulphate, MgS04> One part of the crystallized salt (7 aq.) to 10 parts of 
water. 

Mercuric Chloride, HgCla. One part of the crystallized salt in 16 parts of water. 

Mercurous Nitrate, Hg2(N03)a. One part of the crystallized salt (2 aq.) dissolved in 20 
parts of water, acidulated with one part nitric acid, or prepared by dissolving mer- 
cury (343). 

PalladiouB Chloride, FdCla. One part of the salt to 20 of water. 

Potassium Chromate, K2Cr04. One part dissolved in 10 parts of water. 

Potassium Dichromate, EaCraOr. One part dissolved in 10 parts of water. 

Potassium Chlorate, EClOs. The crystallized salt. 

Potassium Cyanide, ECy. One part dissolved in 4 parts of water. ^ 

Potassium Ferrocyanide, E4FeCy6. One part of the crystallized salt (3 aq.) dissolved 

in 12 parts of water. 
Potassium Ferricyanide, EsFeCyo. One part dissolved in 12 parts of water. 
Potassium Iodide, EI. One part dissolved in 20 parts of water. 

Potassium Mercuric Iodide. Nessler's Solution. Dissolve 3.5 grams of EI in 10 c.c. of 
water; dissolve 1.6 grams of HgCla in 30 c.c. of water; add the mercury solution 
gradually, and with constant stirring, to the potassium iodide solution, until the pre- 
cipitate ceases to be redissolved; then add 60 c.c. Potassium hydrate solution and 
filter. Keep in small bottle, well stoppered. 

Potassium Nitrate, ENO3. The crystallized salt. 

Potassium Metantimoniate, ESbOs. (419.) 

Potassium Sulphocyanate, KCyS. One part dissolved in 12 parts of water. 

Potassium Hydrogen Sulphate, EHSO4. (675). 
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Potassium Sulphate, E9SO4. One part dissolved in 12 parts of water. 

Platinic Chloride, PtOl4. One part to 10 parts of water. Also prepared by dissolving 
the scrap-metal in nitro-hydrochloric acid, and purifying by precipitation with am- 
nionic chloride, dissolving again in the same acid, and evaporating to dryness. 

Sodium Acetate, Na(GaHsOa). One part crystallized salt (8 aq.) to 5 of water. 

Sodium Carbonate, NaaCOs, The dry salt. Also a solution of the crystals (10 aq.) in 
5 parts of water. 

Sodium Diborate, NaaO(B90s)9. The crystallized salt (10 aq.), or dried. 

Sodium Hydrate, NaOH. Solution in 9 parts of water. 

Sodium Thiosulphate, NaaSsOs 5HaO. (Hyposulphite.) One part of the salt in 40 parts 
of water. 

Sodium Hypochlorite, NaClO. Agitate one part of good bleaching-powder with ten 
parts of water; add solution of sodium carbonate ^s long as a precipitate is formed ; 
allow the solid matter to subside and sijihon off. 

Sodium Phosphate, NaaHP04. (Disodium hydrogen phosphate.) One part of the crys- 
tallized salt (12 aq.) in 10 parts of water. 

Sodium Phosphomolybdate. (494.) 

Sodium Sulphide, NaaS. One part of the solution of soda saturated with Hydrosul- 
phuric acid, to one part unchanged soda solution. 

Sodium Sulphite, NaaSOs. One part of the salt to 5 parts of water. 

Silver Nitrate, AgNOs. One part crystallized salt in 20 parts of water. 

Stamious Chloride, SnCla. One part of the crystallized salt (2 aq.) in 6 parts of water, 
acidulated with hydrochloric acid (429). 

Strontium Sulphate, SrS04. A saturated water solution (77). 

Zinc, Zn. The granulated metal. 
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Acetates 214 

Acetic Acid 214 

Acid Radical 9 

Acids i 9 

Acid Salts 10 

Acids, Preliminary Examinations for 244 

Acids, Tables for Determination of 244, 248 

Aluminium 49 

Alkalies, Precipitations by 80 

AlkaUne Earth Metals 37,44 

Alkali Metals 29 

Ammonium 83 

Analysis, Chemical, Definition of 15 

Anhydride 9 

Antimonic Compounds 128 

Antimonious Compounds 123 

«• " inOxidation 273 

Antimony 123 

Arsenic 112 

Arsenic Compounds , 120 

" " inOxidation 274 

Arsenious Compounds 112 

«* " inOxidation 273 

Assaying * 16 

Atom, Definition of 15 

Atomic Weights, Table of 13 

Base and Acid, Definition of 9 

Basic Salts 11 

Bases, Grouping of 27 

Bases, list, with quantivalence 11 

Barium 38 

Bead Reactions 225, 235 

Beryllium 80 

Bismuth 91 

" Compounds in Oxidation 274 

Blow-pip© Analysis 16, 205, 215 

Bonds— as indices of Quantivalence 10 

" Negative, Theory of 251 

Borates 211 

Boracic Acid 210 
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Boron 210 

Bromates 165 

Bromic Acid 165 

" '* in Oxidation 267 

Bromides 164 

Bromine 163 

" in Oxidation 266 

Cadmium 94 

Caesium 36 

Calcium 40 

Carbon 190 

Carbon, Acids of 190 

Carbonates , i 191 

Carbonic Anhydride 191 

" " in Oxidation 255 

Cerium , 80 

Chemical Changes. Classified '. 20 

** " Causesof 23 

** Equations 23 

" Problems 24 

Chemistry, Method of Analytical Study of 25 

Chlorates 160 

Chloric Acid 160 

" in Oxidation 265 

Chlorides 158 

Chlorine 157 

** in Oxidation 263 

Chlorine Group of Elements 157 

Chromic Acid 53 

" in Oxidation 2^75 

Chromium as a Base 51 

" " in Oxidation 275 

Chlorochromic Acid 159 

Citrates 216 

Citric Acid 216 

Classification of Metals 27 

Cobalt 63 

" Compounds in Oxidation 274 

Comparison of Arsenic and Antimony Spots < 116 

Copper 87 

** Compounds in Oxidation 274 

Cyanates 188 

Cyanic Acid », 188 

Cyanides 181 

Cyanogen 181 

Davyum • 13 

Decipium 13 

Didymium 74 

Dissociation, changes of 21 

Dissolving Precipitates 20 

Double Decomposition or Transposition ^'A'/^M*^' • * ^^ 
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** " Rule for Writing 252 

Erbium 84 

Evaporation, how conducted 18 

Eerric Base 5^ 57 

" " in Oxidation 275 

Ferricyanides 186 

Perrocyanides 185 

Perrons Base 55 

** ** in Oxidation 275 

Fifth Group Bases ■• 29 

First Group Bases Ill 

Flame Reactions 225 

Fluorides , 213 

Fluorine 213 

Fourth Group Bases 87, 44 

Gas Analysis 15 

Gallium 13 

Glucinum 80 

Gold 148 

Group V 29, 243 

" IV ;• 37,44,242 

** III 46, 71,240 

II 85, 238 

1 111,237 

Grouping of the Bases 27 

Hydracids 9 

Hydrates. 10 

Hydriodic Acid 167 

" in Oxidation 268 

Hydrobromic Acid 163 

" " inOxidation 267 

Hydrochloric Acid 158 

" " inOxidation 264 

Hydrocyanic Acid ^ 181 

" inOxidation 269 

Hydroferricyanic Acid 186 

" " inOxidation 270 

Hydroferrocyanic Acid 184 
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Hydrofluosilicic Acid 214 
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" " inOxidation '. 259 

Hydroxide, defined 11 

Hypochlorites 162 
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BTEiN. Third edition, translated by I. J. Osbun. 



Cald^rell & Breneman's Chemical Practice. 

8vo. Goth. 188 pages. Dlastrated. New and Enlarged edition. $1.50. 
Manual op Introductory Chemical Practice, for the use of Students 
in Colleges and Normal and High Schools. By Prof. Geo. 0. Cald- 
well and A. A. Brenehan, of Cornell University. Second edition, 
revised and corrected 
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Joynson on Machine G-eai'ing. 

8vo. Clotli. S2.00. 
The Mechanic's and Student's Guide in the designing and Con" 
struction of General Machine Gearing, as Eccentrics, Screws, Toothed 
Wheels, etc., and the Drawing of Rectilineal and Curved Surfaces. 
Edited by Francis H. Joynson. With 18 folded plates. 



MaxA?vrell's Matter and Motion. 

Idmo. Boards. 216 pages. 50c. 
Matter and Motion. By Prof. J. Clark Maxwell. 



Barnes' Submarine Warfare. 

8vo. Cloth. S5.00. 
Submarine Warfare, Defensive and Offensive. Descriptions 
of the various forms of Torpedoes, Submarine Batteries and Torpedo 
Boats actually used in War. Methods of Ignition by Machinery, 
Contact Fuzes, and Electricity, and a full account of experiments 
made to determine the Explosive Force of Gunpowder under Water. 
Also a discussion of the Offensive Torpedo system, its effect upon 
Iron-clad Ship systems, and influence upon future Naval Wars. By 
Lieut.-Com. John S. Barnes, U.S.N. With twenty lithographic 
plates and many wbod-cuts. 

Foster's Submarine Blasting. 

4to. Cloth. $3.60. 
Submarine Blasting, in Boston Harbor, Massachusetts — Removal of 
Tower and Corwin Rocks. By John G. Foster, U. S. Eng. and 
Bvt Major-General U. S . Army. With seven plates. 



Plympton's Aneroid Barometer. 

16aio. Boards, illustrated, 50c. Morocco, $1.00. 
Thb Aneroid Barometer : Its Construction and Use, compiled from 
several sources. 



\Villiamson on the Barometer. 

4tO. Cloth. $16.00. 
On the Use op the Barometer on Surveys and Reconnais 
SANCES. Part I. — ^Meteorology in its Connection with Hypsometry. 
Part II.— Barometric Hypsometry. By R. S. Williamson, Bvi 
Lt.-Col. U. S. A., Major Corps of Engineers. With illustrative tables 
and engravings. 
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Wanklyn's Milk Analysis. 

12mo. Cloth. $1.00. 

Milk Analysis. A Fractdcal Treatise on the Examination of MUk, 
and its Derivatives, Cream, Butter, and Cheese. By J. Alfsed 
Wanklyn,M.R.C.S. 



Rice & Johnson's Differential Functions. 

Paper, 12mo. 50 cento. 

On a New Method op Obtaining the Differentials op Func- 
tions, with especial reference to the Newtonian Conception of Rates 
or Velocities. By J. Minot Rice, Prof, of Mathematics, U. S. Navy, 
and W. WooLSET Johnson, Prof, of Mathematics, St. John's 
College, Annapolis. 



Coffin's Navigation. 

Fifth Edition. 12mo. Qoth. $3.60. 



Navigation and Nautical Astronomy. Prepared for the use of 
the U. S. Naval Academy. By J. H. C. Coffin, Professor of 
Astronomy, Navigation and Surveying ; with 52 wood-cut illustra- 
tions. 



Clark's Theoretical Navigation, 

8vo. Cloth. $3.0a 

Theoretical Navigation and Nautical Astronomy. By Lewis 
Clark, Lieut.-Commander, U. S. Navy. Dlustrated with 41 wood- 
cuts, including the Vernier. 



Toner's Dictionary of Elevations. 

8vo. Paper, $3.00 aoth,$3,76. 

Dictionary op Elevations and Climatic Register op the 
United States. Containing, in addition to Elevations, the Latitude, 
Mean Annual Temperature, and the total Annual Rain Fall of many 
Localities ; with a brief introduction on the Orographic and Physical 
Peculiarities of North America. By J. M. Toner, M.D. 



J 
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Lorin^'s Magnetic Telegraph. 

18mo. niustiated. Paper boaids, 50c. Cbtb, 75c. Morocco, $1.00. 

A Hand-Book of the Electro Magnetic TELsanAPH. By A. R Los- 
ing, a practical Telegrapher. 



Davis & Rae's Electrical Diagrams. 

Oblong 8vo. Cloth extra. $2.00. 

Hand-Book of Electrical Diagrams and Connections. By Charles 
H. Dayis and Frank B. Rae. Illustrated with 82 full pago Illustra- 
tions. Second edition. 



Pope's Modem Practice of the Electric 

Telegraph. 

Ninth Edition. 8vo. Cloth. f2.00. 

A Hand-book for Electricians and Operators. By Frank L. Pofe. 
Ninth Edition. Revised and enlarged, and fully illustrated. 



Sabine's History of the Telegraph. 

Second Edition. 12mo. Cloth. $1.25. 
History and Progress op the Electric Telegraph, with Descrip. 
tions of some of the Apparatus. By Robert Sabine, C. E. 



Haskins' Galvanometer. 

16mo. Blastrated. Morocco. $1.60. 

The Galvanometer and its Uses ; — A Manual for Electricians and 
Students. By C. H. Haskins. 



Larrabee's Secret Letter and Telegraph 

18mo. Cloth. $1.00. 
Cipher and Secret Letter and Telegraphic Code, with Hogg*s Im- 
provements. By C. S. TiARRABRK. 
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Rose's Pattern Meiker. 

8vo. Cloth. 350 pages. $2.50. 
Thb Pattbkn Makbbs' Assistant, embracing Lathe Work, Branch 
Work, Core Work, Sweep Work, and Practical Gear Construcions, the 
Preparation and Use of Tools, together with a large collection of use- 
ful and valuable Tables. By Joshua Hose, M. E. Illustrated with 250 
Engravings. 

Scribner's Pocket Companion. 

16mo. 264 pages. Full Morocco. 91.50. 
Enginbers' and Mechanics* Companion, comprising United States 
Weights and Measures ; Mensuration of Superfices and Solids ; Tables 
of Squares and Cubes ; Square and Cube Roots ; Circumference and 
Areas of Circles ; the Mechanical Powers ; Centers of Gravity ; Gravita- 
tion of Bodies ; Pendulums ; Specific Gravity of Bodies ; Strength, 
Weight and Crush of Materials ; Water Wheels ; Hydrostatics ; Hy- 
draulics ; Statics ; Centers of Percussion and Gyration ; Friction Heat ; 
Tables of the Weight of Metals ; Scantling, etc. ; Steam and the Steam 
Engine. By J. M. Scribnbr, A. M. Eighteenth edition, revised. 



Scribner's Table-Book. 

16mo. 264 pages. Full Morocco. $1.50. 
Enoineer6\ Contractors* and Surveyors' Pocket Table-Book i Com- 
prising Logarithms of Numbers, Logarithmic Signs and Tangents, Natu- 
ral Signs and Natural Tangents, the Traverse Table, and a full and 
complete set of Excavation and Embankment Tables, together with 
numerous other valuable tables for Engineers, etc. By T. M. Scrib- 
, A. M. Tenth edition, revised. 



Miodem Meteorology. 

12mo. Cloth. Colored Plates. $1 50. 

A Series or Six Lectures, delivered under the auspices of the Me- 
teorological Society in 1878. 



Plympton's Planisphere. 

Printed in Colors on fine Card Board, and in accordance with Proctor's Star 
Atlas. $1.00. 

The Star Finder or Planisphere, with Moyablb Horizon. Ar- 
raoged by Prof. G. W. Plympton, A. M. 
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ScIniTnaTi-n's Heating and Ventilation. . 

12mo. Morocco. %l,bO, 

A Manual of Hkatino Ain> VENnLATioN in its Practical Applica- 
tion for the use of Engineers and Architects, embracing a series of 
Tables and Formula3 for dimensions of Heating, flow and return Pipes 
for steam and hot water boilers, flues, etc., etc. By F. Sghxjicann^ 
C. E., U. S. Treasury Dept. Illustrated. 



Clark's Complete Book of Reference for Me- 

clianical Engineers. 

Large 8yo. lCt2 pages. Cloth. $7.50. Half Morocco. $10.00. 

A Manual of Rules, Tables ksd Data for Mechanical Engineeb& 
Based on the most recent investigations. By Daniel Kinnbab Clabk. 
Illustrated with numerous Diagrams. 



Weyraucli's Iron and Steel Constructions. 

12mo. Cloth. Sl.OO. 

Stbength and Calculation of Dimensions of Iron and Steel Con- 
structions, with reference to the latest experiments. By J. J. Wey- 
RAUCH, Ph. D., Professor Polytechnic School of Stuttgart, with four 
folding plates. 



Jannettaz on Rocks. 

12mo. Cloth. 168 pages. 92.00. 

A Guide to the Determination of Rocks, being an Introduction to 
Lithology. By Edward Jannettaz. Translated from the French by 
Geo. W. Plympton, C. E., A. M. Illustrated. 



Shield's Notes on Engineering Construction. 

12mo. Cloth. $1.50. 
Embracing Discussions of the Principles involved and Descriptions of 
the Material employed in Tunneling, Bridging, Canal and Boad Build- 
ing, etc., etc. By J. E. Shields, C. E. 
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Eddy's Qrapliical StatioB. 

8yo. Cloth. 122 pages. $1.60. 
Rbseabches in Q»APHicUi Statics, embracing New Constructions in 
GrapMcal Statics, a new General Method in Graphical Statics, and the 
Theory of Internal Stress in Graphical Statics. By Prof. Henby T. 
Eddy, of the University of CincinnatL 



Half Hours with. Modern Scientists. 

2 vols. ISmo. Cloth. Illustrated. $2.50. 
LHCTTmBs AND EssAYs. By Professors Huxley, Barkbb, Stirling, 
Cope, Tyndall, Wallace, Roscob, Huggins, Lockyeb, Youno, 
Mayer, and Heed. Being the University Series bound up. With a 
general introduction by Noah Porter, President of Yale College. 



Shnnk's Engineers Pocket Book. 

12mo. Morocco. 
The Field Engineer. A handy book of Practice in the Survey, Loca- 
tion, and Trackwork of Bailroads, containing a large collection of Rules 
and Tables, original and selected, applicable to both the Standard and 
Narrow Gauge, and prepared with special reference to the wants of the 
Young Engineer. By Wm. Findlay Shunk, C. E., Chief Engineer of 
the Construction of the Metropolitan Elevated Railroad. (In Press.) 



Adams' Se^wers and Drains. 

12mo. Goth. 
Sewers and Drains for Populoits Districts. Embracing Rules and 
Formulas for the dimensions and construction of works of Sanitary 
Engineers. By Julius Adams, C. E. (In press.) 



McElroy's Papers on Hydraulic Engineering: 

8vo. Paper. 60 cents. 
The Hempstead Storage Reservoir of Brooklyn, its Engineering 
Theory and Results. By Samuel McElboy, C. E. 



Spinoza's Ethics. 

8vo. Cloth. $8.00. 
The Ethics of Benedict db Spinoza. Demonstrated after the method 
of Geometers, and Divided into Five Parts. From the Latin ; with an 
introductory Sketch of his Life and Writings. 
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VAN NOSTRAND'S SCIENCE SERIES. 



It is the intention of the Publisher of this Series to issue them at 
intervals of about a month. They -will be put up in a uniform, neat, 
and attractive form, 18mo, fancy boards. The subjects will be of an 
eminently scientific character, and embrace as wide a range of topics as 
possible, all of the highest character. 

Price, 50 Cents Each. 

I. Chimneys for Furnaces, Fire-places, and Steam Boilers. By 
R. Armstrong, C.E. 

n. Steam Boiler Explosions. By Zerah Colburn. 

m. Practical Designing op Retaining Walls. By Arthur Jacob, 
A.B . With Illustrations. 

rV. Proportions op Pms Used in Bridges. By Gharlrs E. 
Bender, C.E. With Illustrations. i 

V. Ventilation of Buildings. By W. F. Butler. With Illustrations. 

YI. On the Designing and Construction op Storage Reservoirs. 
By Arthur Jacob. With Elustrations. 

Vn. Surcharged and Different Forms op Retaining Walls. 
By James S. Tate, C.E. 

Vin. A Treatise on the Compound Engii^e. By John Txtrnbull. 

With Illustrations. 

IX. Fuel. By C. William Siemens, to which is appended the value of 
Artificial Fuels as Compared with Coal. By John Worm" 
ALD, C.E. 

X. Compound Engines. Translated from the French of A. Mallbt. 
Illustrated. 

XI. Theory op Arches. By Prof. W. Allan, of the Washington and 
Lee College. Illustrated. 

Xn A Practical Theory op Voussoir Arches. By William Caih, 
C.E. Illustrated 
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XIII. A Practical Treatise on the Gases Met With in Coal 
Mines. By the late J. J. Atkinson, Government Inspector of 
Mines for the County of Durham, England. 

XrV. Friction op Air in Mines. By J. J. Atkinson, author of " A 
Pi'actical Treatise on the Gases met with in Coal Mines." 

XV. Skew Arches. By Prof. E. W. Hyde, C.E. Illustrated with 
numerous engravings and three folded plates. 

XVL A Graphic Method for Solving Certain Algebraic Equa- 
tions. By Prof. George L. Vose. With Illustrations. 

XVn. Water and Water Supply. By Prof. W. H. Corfield, 
M.A., of the University College, London. 

XVni. Sewerage and Sewage Utilization. By Prof. W. H. 
Corfield, M.A., of the University College, liondon. 

XIX. Strength op Beams Under Transverse Loads. By Prof. 
W. Allan, author of " Theory of Arches." With Illustrations 

XX. Bridge and Tunnel Centres. By John B. McMasters, 
C.E. With Illustrations. 

XXL Safety Valves. By Richard H. Buel, C.E. With Illustra- 
tions. 

XXn. High Masonry Dams. By John B. McMasters, C.E. 
With Illustrations. 

XXm. The Fatigue of Metals under Repeated Strains, with 
various Tables of Results of Experiments. From the Grerman of 
Prof. Ludwig Spangenberg. With a Preface by S. H. Shreve, 
A.M . With Illustrations. ' 

XXIV. A Practical Treatise on the Teeth of Wheels, with 
the theory of the use of Robinson's Odontograph. By S. W. Robin- 
son, Prof, of Mechanical Engineering, Illinois Industrial University. 

XXV. Theory and Calculations op Continuous Bridges. By 
Mansfield Merriman, C.E. With Illustrations. 

XXVI. Practical Treatise on the Properties op Continuoub 
Bridges. By Charles Bender, C.E. 
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XXVII. On BoiiiSB Ikcbustation and Cosbosion. By J. P. Rowan. 

XXVIII. On Tbansmisbion of Powbb by Wibb Rope. By Albert W. 
Stahl. 

XXIX. Injectobs: Thbib Thkoby and Use. Translated from the 
French of M. Leon Poachet. 

XXX. Tebbbstbial Magnetism and the Magnetism op Ibon Ships. 
By Professor Fairman Rogers. 

XXXI. The Sanitabt Condition op Dwelling Houses in Town and 
CouNTBY. By George E. Waring, Jr. 

XXXII. Cable-making fob Suspension Bbidgks as Exemplified in 
THE East Riyeb Bbidge. By Wilhelm Hilden brand, C.E. With 
Illastrations. 

XXXI II. Mechanics of Ventilation. By George W. Rafter, Civil 
Engineer. 

XXXIV. Foundations. By Prof. Jules Gaudard, C.E. Translated from 
the French, by L. F. Vernon Harcourt, M.I.C.E. 

XXXV. The Aneboid, and How to Use it. Compiled by Prof. George 
W. Plympton. Hlustrated. 

XXXVI. Matteb and Motion. By J. Clerk Maxwell, M.A. 

XXXVU. Geogbaphical Subyeying. Its Uses, Methods, and Resalts. 
By Prank De Teaax Carpenter, O.E. 

XXXVin. Maximum Stbesses in Fbamed Bbidges. By Prof. Wm. 
Cain, A.M., C.E. Illustrated. 

XXXIX. A Hand Book of the Electbo-Magnbtic Telbgbaph. By 
A. B. Loring. Illustrated. 

XL. Tbansmission of Poweb by Compbessed Aie. By Robert 
Zahner, M.E. Illustrated. 

XLII. On the Stbbngth of Matkbials. By Wm. Kent, C.E. 

XLIII. Theoby of Fluid Motion. By Dr. Thomas Craig, of Johns 
Hopkins University. 

XLIV. Tubbine Wheels. By Prof. W. P. Trowbridge, Columbia Col- 
lege. Illustrated. 

XLV. Thebmodynamics. By Prof. H. T. Eddy, University of Cincinnati. 
*:,,* Sent free by mail on receipt of price. 
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